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T he  publication of this Report marks another important step 
in standardising- the methods of conducting tests for the deter
mination of the efficiency of Heat Engines, and the memory 
that this Institute shared in the Committee’s deliberations is 
sufficient justification for spending some time in its study.

It is suggested that the best way to approach the subject 
is chronologically, for then the simultaneous growth of Heat 
Engines, and the allied physical matters may be more easily  
seen. Also, another aspect of some importance is thus more 
vividly realised. Very frequently one hears statements made, 
such as that “ pure science is of little importance,” “ what is 
the value of considering and noting such small m atters,” or 
“ he is so theoretical,” and many others. The “ ultra prac
tical ”  man is often very ignorant, but never shows it more 
than when he writes down theory because it is always behind 
practice. It is always behind, and always must be because
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a theory is an hypothesis, put forward to explain some happen
ing', to correlate individual happenings, and, if possible, to  
arrive at some general principle or law governing the pheno
mena, and thus pave the way for advance. Take as an example, 
the so-called practical man who has an engine giving a certain 
effort, but wanting, say, double that effort, he strengthens and 
enlarges it to gain that end. He simply doubles the diameter 
of the cylinder, also that of the piston rod, and other parts 
in like manner. Now had he possessed mathematical know
ledge he would have saved himself much expense, for he would 
have simply enlarged the diameters by multiplying by -s/2 be
cause areas are proportional to the squares of diameters. Of 
course it may be urged that there are not many who act thus 
in such a m atter; and this objection is valid, but there are many 
other directions in which similar errors are constantly being 
made. Perpetual motion patents and schemes are by no means 
extinct, and nothing bolsters up these schemes so much as the  
imperfect grasp of certain fundamental laws that underlie many 
of the commoner concerns of our daily experiences. The pro
duction of the Report before us is evidence of the necessity that 
exists to guard ourselves against possible error.

An early one of some interest, described by Sir James Ewing- 
in his work on the Steam Engine, is worth noticing. The illus
tration (F ig. 1) shows a floor, upon which is shown an altar, 
and the Sanctuary doors. The altar is connected with a 
reservoir beneath the floor containing water. This vessel has 
a pipe, with its open end beneath the water level, and its open 
end beneath the water surface in a second vessel. This second 
vessel is suspended by two ropes passing over a pulley attached 
to the floor, the other ends of these ropes are attached to two 
vertical spindles whose upper ends are attached to the Sanctuary 
doors forming the axes of the hinges. Two other ropes are 
fastened to these spindles and pass over anoth.er pully, and kept 
taut by a balance weight. This latter weight normally keeps 
the doors shut, and the suspended vessel of water raised. When 
the altar fire is lighted, the heated air expands, and forces some 
water out into the suspended water vessel, and this over 
balances the system, and the sanctuary doors open, showing to 
the worshippers that their devotions and offerings are accepted. 
When the altar fires die down, the air cools and therefore con
tracts, and the water is now drawn out of the hanging vessel, 
the balance weight now raises the suspended water vessel and 
closes the doors.
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W hilst steam  engines in various forms have been known for 
very m any centuries, the first to take practical shape and to 
be used commercially was th a t know n as Savery’s, whose paten t 
bears the date 25th Ju ly , 1698, and the engine is called “  The 
M iner’s F rien d ,”  for i t  was an “  engine to raise w ater by fire .”  
The F ig . 2 illustra tes th is engine, and F ig . 3 is a diagram  which 
shows the arrangem ents of the several parts. A tr ia l was made 
of one of these engines as m ade a t M anchester in 1774 by 
Smeaton, and the following details were recorded. The 
receiver was a cylinder 2 f t. dia. by 7 ft. h igh . The w ater was 
delivered at a heigh t of 19 ft. above the w ater surface in the

well. The engine made 7^ strokes per m inute, each stroke 
filling the receiver to a h e ig h t of 6 ft. The work done was 
liftin g  18f cub. ft. of w ater per stroke 19 ft. and 32 cwt. of 
coal was b u rn t in 24 hours. In  those tim es a bushel of coal 
of 84 lbs. was the u n it employed, and the  duty  was therefore 
about 5,300,000 ft. lb. per bushel of coal. A ssum ing th a t the  
calorific value of coal was 14,500 B .T h .IJ. per lb ., then  the 
abs. efficiency was about |  per cent. The pump horse-power 
was 4'7. Some stress has been laid  upon th is tria l, for it  is a 
very early one and reported upon by an em inent engineer. The 
methods of w eighing the  coal, and determ ining the  work done 
were very crude as m easured by the standards of to-day. I t
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m ay be noticed in addition tb a t the tria l was made 76 years 
a fte r the  date of the paten t, so th a t the engine was then  well 
beyond the experim ental stage. Papin , in 1705, devised a 
modification of Savery’s engine, in which the steam  was kept 
separate  from the w ater in  the receiver, and allowed to escape 
w ithout condensation (see F ig . 4 ). I t  should be noted th a t 
th e  safety valve is added, a cock for the escape of the  steam , 
and a heater to keep the steam  dry. The Pulsom eter (F ig . 5) 
is the modern form of Savery’s engine.

Newcomen’s engine m arks the nex t real advance in design, 
1705. F ig . 6 shows in diagram  form the general arrangem ents 
of th is engine, in which the beam appears for the first tim e, 
and the separation of the pump and steam  cylinders, also the 
condensation of the steam  is effected in ternally . Smeaton 
designed and erected a Newcomen engine for the  Chase-W ater 
M ine in Cornwall, which had a cylinder 72 inches diam eter, 
9 ft. stroke, and developed 76 H .P . The pum p lift was 51 
fa th o m s; the load on the piston was 7J lbs. per sq. in. This
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engine was erected in 1775, and was then  the most powerful 
engine in existence. This was six years a fte r the paten t was 
gran ted  to W a tt, bu t afte r a few years th is  engine wras altered

by W a tt  to his system . U n til th is date, and for some years 
la te r very im perfect views were prevalent concerning the natu re

F i g .  4 .

of heat, and stirred  by the development of tlie steam  engine 
physicists began enquiry into the problems thus raised. F o r 
we read th a t criticism s were made concerning the great con



252 BOILER TRIALS COMMITTEE.

sum ption of fuel of these engines, for the Newcomen engine 
was about the same as the Savery. The g reat difficulty a t th a t 
tim e was finding out w hat possible re tu rn  m ight be reasonably 
expected from the burn ing  of one pound of coal.

Under the same roof w ith W a tt a t the Glasgow U niversity  
was Dr. B lack. A fter repeated efforts and experim ents to  m ake 
a model of Newcomen’s engine work, W a tt appealed to Dr. 
B lack for an explanation of his results, and then  learned 
of Dr. B lack’s experim ents, which had established the 
doctrine (as it was then term ed) of la ten t heat, and a t once 
was led to the obvious course of separating  the cylinder and the 
condenser, and so saving the enormous loss of heat per cycle. 
W a tt’s apparatus to tes t the value of the separate condenser 
is shown, F ig . 7, and it  is notew orthy th a t a surface condenser

F i g .  5.

is employed, as well as an a ir pump. The resu lting  engine is 
shown in F ig . 8, w hilst F ig . 9 shows the valves controlling 
the flow of the steam  to a larger scale. From  this la tte r  i t  is 
now clear th a t W a tt had made a m ost substan tial addition to  
Newcomen’s engine, each of which increased substan tia lly  its 
efficiency. The new features are : (i) H ot cylinder; (ii) steam  
jacket to keep it h o t ; (iii) gland or stuffing box for piston ro d ; 
(iv) condenser; (v) cold w ater jacket to condenser and air 
pum p; (vi) the a ir pump. W a tt quickly added valves so th a t 
his engine became doub le-acting ; la te r a connecting rod 
device, fly wheel, and governor, and then  the engine was avail
able for work other than  pum ping. W a tt  employed expansion, 
th a t is a cut-off valve, b u t curiously his steam  pressure seldom
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exceeded 7 lb. per sq. inch above the atm osphere. The increase 
of efficiency was very m arked, and the Cornish pum ping engine 
was very soon famous for its  economy. In  1835 the 
coal per H .P . hour was about I f  lbs. A point of g rea t im port
ance th a t m ust be noticed is the rearrangem ent of the  valves 
shown in F ig . 10, which was very soon made, and in tro 
duced the so-called “  Cornish Cycle,”  thus a ltering  the  cycle

F ig .  6.

employed in  the “  Newcomen ”  engine. The piston being at 
the top of its stroke, the valves A and C were opened, when the 
steam  below the  piston, passing out into the condenser was con
densed; the reduction of pressure th a t ensued beneath the 
piston caused the  steam  above to force the piston down. W hen 
the  p iston  is a t the bottom  of its stroke the valves A and C are 
closed, and B is opened, when the steam  passes from above to  
beneath  the piston, equalising the pressure, and the w eight of
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the pump-rods, etc., overbalances the piston-rod, e tc ., and the 
piston moves up a g a in ; this is position shown in the 
figure. In  th is way the tem perature drops are from 
th a t of the admission steam  down to th a t of release, and from 
the tem perature of release to th a t of the condenser, which is 
approxim ately one of the effects due to compounding. Mr. 
W illans adopted this cycle in his well-known single-acting 
high-speed engines. H otel office doors and cold rooms are 
am ongst o ther m odern applications of th is cycle.

The use of steam  expansively led to the paten t of 1782, and 
here the steam  engine arrived a t a stage of perfection, which 
was only very slowly improved upon. B ut the actual scientific 
basis of tes tin g  as known to-day was not yet laid. F o r Count 
R um ford’s gun experim ent (1798) and D avy’s ice experim ent 
(1802) had yet to be made, showing th a t the older ideas of the 
natu re  of heat held by B lack and others were untenable. L ater, 
in 1824, Sadi C arnot’s famous memoir, giv ing his well-known 
cycle and conclusions, was followed by Dr. Jou le’s work cul
m inating  in  the enunciation in 1843 of the law of conservation 
of energy and the actual determ ination in  1849 of the 
m echanical equivalent of heat to w ith in  an error of less than  
1% of the now universally accepted value. D alton in 1802 
established the laws concerning vapour pressures, and 
R eg n au lt’s classic experim ents w ith  steam , published in 1847, 
finished the provision of the necessary m aterial for bu ild ing up 
the Science of Thermodynam ics on rigorous foundations by 
Clausius, R ankine and Kelvin. The work of R egnau lt, exhi
b ited  in the “ Tables of the P roperties of S team ,”  was of the
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very g reatest value to Steam  E ngineers. R em em bering th e  
extrem e difficulty of the experim ents, they  still rem ain a m onu
m ent of skill and patience. The errors in the resu lts obtained, 
gave rise to  m any schemes for sm oothing them  out, b u t th e  
relations between pressure, tem perature, volume, etc., rem ained 
em pirical, u n til Callendar completed his researches, w hich cul
m inated in ra tiona l formula:', g iving consistent resu lts over th e  
whole range of values w ith in  practical reach.

H/V"

Fig. 8.
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The publication in 1859 of R ank ine’s “  M anual of the  Steam  
E n g in e ,”  m arked the commencement of the new epoch in  the 
philosophical trea tm ent of steam  engine problems. I t  m ust, 
however, be noted th a t for very m any years w hilst the methods 
given by R ankine were known and appreciated by the  very 
few, the m ajority  concerned in  designing and testin g  of heat 
engines were profoundly ignoran t of everything concerning 
th e ir craft, save th a t in the m ain their engines were very close 
approxim ations as regards dimensions and arrangem ents of 
those made by their more successful com petitors. By the way, 
th is class of engineer is by no means ex tinct to-day.

F ig .  9.

The in te lligen t grasp of therm odynam ics has been greatly  
hindered by the  general use of abstruse m athem atics by w riters 
when trea tin g  the subject, and as a consequence, engineers 
generally  know  very little  of the science of therm odynam ics 
to  be found in most text-books, p referring  to find out w hat they 
w ant to know in th e ir own way. Consequently, such symbols

/
gQ

, fp- ; etc., form an insuperable barrier to the 

g rea t m ajority  of engineers, and it was only the select few who
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could gaze at them  and live to draw their salaries. M acfarlane 
G ray, W illans and Sankey have employed the geom etrical 
method h inted  a t by W m . Gibbs in 1873, and as a result therm o
dynamics has become com paratively easy to grasp and appre
ciate. The confusion of thought, due to ignorance or the 
partia l appreciation of therm odynam ics, natu ra lly  led to much 
trouble in com puting heat engine efficiencies.

However, the elect continued their work, and a few engineers 
applied it. Am ongst these the names of B ryan D onkin, Sir 
Alex. Kennedy, and Dr. Unw in are fam iliar. The nex t date 
of im portance is 13th M arch, 1888, when the late  Mr. W illans 
read his paper on “  Economy Trials of Non-Condensing 
E n g in es ,” which he had carried out a t Thames D itton, w ith 
unparalled accuracy and skill. This was followed by a second 
paper on “  Steam  E ngine Trials ”  on 11th April, 1893. This 
second paper was actually  an extension of the first paper, 
including the effect of “ Condensing”  on efficiency. The criti
cisms of the first paper were dealt w ith in the second, and 
generally  justified the conclusions drawn by the au thor in the 
first paper. So conclusive did these results appear th a t the Coun
cil of the In s titu tio n  of Civil Engineers called into existence 
a com m ittee to consider the whole m atte r of engine tria ls, and 
to place them  upon a standard  basis as far as possible. This 
com m ittee reported in 190], and in 1902 their final report was 
issued. This report was again  revised and b rough t up-to-date 
in 1913 by a new com m ittee, and in their report the recommen
dations of the Committee on Standards of Efficiency were 
included.

In  1903 another com m ittee was in stitu ted  to consider the 
problem as applicable to “ In ternal Combustion E n g in es ,” and 
they  reported in 1905. F inally , in 1922, the  m atter was again 
reconsidered by a com m ittee, whose report lias recently been 
published.

Up to the date of the W illans papers, each experim enter had 
approached the subject from a more or less special angle, and 
so deduced efficiencies which were no t im m ediately comparable, 
w ith  o ther contem porary resu lts, the consequence being th a t 
m uch confusion ensued as to w hat constitu ted  the real 
efficiency. I t  was generally  conceded th a t in some way or 
o ther the Carnot standard  was not a satisfactory7 standard  of 
comparison. R ankine and Clausius had given a standard  cycle, 
now known as the R ankine, bu t this was not s tric tly  adhered 
to , so there was a slow grow th of opinion, tending  towards the
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form ation of a generally acceptable standard  of comparison. 
This being agreed to, then  in order th a t any p articu lar test 
could be accepted w ithout question, it was very desirable th a t 
all m easurem ents should be made w ith carefully calibrated 
instrum ents whose accuracy could not be questioned. I t  was

on all these points th a t  Mr. W illans showed to the engineering- 
world th a t engine tes tin g  could be carried out w ith  great 
accuracy. In  F ig . 11 is shown the very simple arrangem ent 
adopted by W illans for testin g  his engine. I t  will be noted th a t 
the steam  from  the boiler passes th rough  the engine, and con



BOILER TRIALS COMMITTEE. 259

denser into the hot well, which is ac tually  placed upon the p la t
form of the w eighing machine. The steel yard  of the w eigh
ing machine was brought together w ith in  the observer’s office, 
so th a t all the essential m easurem ents could be made imme
diately under the observer’s eyes. The papers of W illans will 
well repay careful reading by all those responsible for engine 
tes tin g . Now the H eat E ngine Committee have ascertained 
standards of comparison, and fram ed codes by means of w hich, 
all the necessary m easurem ents m ay be made.

I t  is appropriate here to offer a few rem arks upon standards 
of comparison so th a t the various controversies may be readily 
followed.

A most usefixl and necessary tes t to m ake is the m easurem ent 
of the actual expenditure of fuel per un it of power. I t  is, of 
course, the resu lt th a t m akes the most im m ediate and u rgen t 
appeal to the commercial man. I t  is, however, when taken  
alone most deceptive, because i t  m ay happen th a t in two or 
th ree p lants in which this efficiency may be practically  equal, 
it  can easily happen th a t one or o ther part of one p lant 
may be worked far under its best perform ance, and th ere
fore w aste is occurring. Now, if each portion of the p lan t is
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separately tested, boilers, engines and condensers, i t  m ight 
then easily be discovered th a t a very fine engine was handi
capped by a poor boiler and leaking steam  pipes, etc. M any a 
poor resu lt from a fine triple-expansion m arine engine has been 
discounted by very wasteful auxiliaries. Hence, each p art of 
a heat-engine plant should be separately tested.

(1) Boilers.— These consist of two m ain p arts :
(1) The furnace, in which the  heat la ten t in the fuel is 

liberated . This entails the m easurem ent of the calorific value 
of the fuel used, of which the real crux lies in the possibility  of 
g e ttin g  a true  average sample.

(ii) The determ ination of the to ta l heat in the steam 
delivered above th a t in the feed w ater supplied.

(iii) The m easurem ent of the heat carried away by the flue 
gases, the heat lost by radiation, and th a t carried away in the 
unconsumed fuel.

By means of this data, the furnace efficiency is found, and 
the boiler efficiency as a m echanism  for g e ttin g  the heat out of 
the hot flue gases into the water. Curiously enough the la tte r 
efficiency is fa irly  constant. I t  is the furnace efficiency th a t 
requires close and constant w atching. I t  is custom ary to 
recognise this la tte r  as the stoker efficiency.

(2) E ngines.— H ere it  is necessary for the w eight of steam  
delivered to the engine a t the stop valve and its  condition to 
be known, so th a t the heat supplied is known, and work done 
by the engine being ascertained then the ra tio  of the energy 
supplied, to th a t delivered by the engine a t the shaft is the 
engine efficiency. All this is, of course, pu t very briefly; i t  is 
far more com plicated than  m ight appear a t first sigh t. B ut the 
m ain point of controversy arises here. W hat proportion of the 
heat supplied ought to be reasonably delivered a t the shaft in 
the form of mechanical energy?

Then th is  leads to the exam ination of the cycle, and Carnot 
has shown how the various processes m ust be conducted in order 
to obtain the best results. The disputes centre about the 
exhaust line, and the so-called toe of the d iag ram ; the  other 
parts of the cycle are com paratively agreed upon. I t  seems 
to be, however, obvious th a t if an engine for any good reason 
is so designed, th a t  in its operation it departs from the best 
cycle, then  it m ust pay the penalty  for th a t  departure. This 
loss of efficiency— because it  does not conform to the ideal— 
is the price possibly paid for o ther advantages, perhaps sim
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plicity  in design, or operation, or reduced costs of production. 
In  any event, the ideal, if i t  is a good one, should be aimed a t, 
bu t because it  cannot be atta ined  is no reason why the ideal 
should be condemned.

By w eighing the  condensate the w eight of steam  utilised by 
the engine m ay be obtained if the am ount of leakage a t glands, 
jo in ts, jacket, cylinder drains, etc., are weighed and added. 
Then the boiler feed will enable the losses between boiler and 
engine, a t safety valves, etc., to be at once known.

Now a careful study of the R eport will enable anyone to  
appreciate the very m any factors there are to be taken  account 
of in m aking a good test, which will command general accept
ance. Ju s t as it  m ay be easy to see how in a business a big 
saving may be made in the costs of production, i t  is always 
extrem ely difficult to save the pence. I t  is the same in te s t in g ; 
the day has gone by when 4 or 5% error in w eighing the  fuel 
and feed w ater supplied during  a boiler tria l could be made 
w ithout m aterially  affecting the resu lts. To-day one has got 
to look for alm ost absolute accuracy in such m atters, and in 
addition one m ust infer from the methods in use w hat is the  
order of m agnitude of the errors possible.

I t  should be a m atte r of considerable pride to the  members of 
th is  In s titu te  th a t in this work of revising and en larg ing  the 
earlier reports on heat engine tes tin g  they  were represented by 
four members directly, and indirectly  by two other members. 
F u rth er, th a t since the report has been made a perm anent com
m ittee has been formed, on which this In s titu te  is represented 
by two members. I t  is also suggested th a t the  In s titu te  has 
reason to be proud of sharing  in such an im portan t epoch 
m aking work as the production of a standard  of te s tin g , which 
it is more than  probable may yet become in ternational in its 
operation.

DISCU SSIO N.

The C h a i r m a n : W e h ave to th an k  M r. W ells for giv ing us 
such an in teresting  paper, and for the ex ten t to which he has 
dealt w ith the subject of steam  a t a tim e when steam  is receiv
ing' more a tten tion  than  it has had for m any years. The paper 
will serve a useful object by calling the  a tten tio n  of the mem
bers of th is In s titu te  to the very im portant piece of work th a t 
was recently  completed by the Committee, of w hich Mr. W ells 
was such a useful m em ber. H is association w ith  the work of 
the Committee reflects a g reat am ount of credit on th is 
In s titu te .
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Mr. W ells’ references to Mr. M acfarlane Gray are in te re st
ing, as it is well known to m any of our members th a t he was an 
im portant member of this In stitu te .

The W illans engine was a satisfactory  engine. There were 
a great many in use in central power stations, etc., and some 
of them  are still in service. They were to the fore up to the 
tim e of the general introduction of the steam  turbine.

I am sure th a t Mr. W ells will be pleased to answer any 
questions you may wish to raise.

Mr. W . M cL a h e n  : I  am sorry there are so few here to-n ight 
to  receive this paper on the Report of the Committee. I  doubt 
w hether we realise the enormous am ount of work which the 
preparation of this Report has entailed. Mr. W ells, whom we 
recognise as an au thority  on this subject, and who is a Denny 
Gold M edallist of the In s titu te , is to be congratulated  on giving 
us his views on what the Committee has been doing.

Speaking as a practical man, I  would like to refer to the 
recommendation th a t the engine and boiler should be the sub
ject of separate tests. The first item to be considered in con
nection w ith boiler tests is the calorific value of the fuel. In 
connection w ith  the recent coal conference, I  am  glad to hear 
th a t there were some chemists present who said th a t the sam p
ling and analysis was of great im portance in the selection of 
fuel. The practical m arine engineer w ants to know the 
calorific value of his fuel and the percentage of ash it is going 
to produce. Supposing th a t a furnace is arranged for tak in g  a 
com parative test, and the results obtained vary  w ithin, say, 
20%, there are allowances to be made for chim ney and flue 
conditions which it is hard ly  possible to assess. W hen we 
come to the actual engine, the tests should be made under con
stan t load. Then Mr. W ells has referred to leaky glands and 
so on; perhaps it  is a little  difficult to have an engine quite 
tig h t. One hears instructions given to slacken bearing bolts, 
etc. Very few engines can be so perfectly  fitted as the W illans 
engine certainly was.

I t  is very appropriate th a t this paper should follow Mr. 
H utch inson’s recent paper, which dealt w ith a num ber of new 
types of engines which have been designed to embody the results 
of the latest research in steam  practice, which the H eat Engine 
and Boiler T rials Committee has done so m uch to facilitate.

Mr. S. B. J a c k s o n : I was ra th e r in terested  to hear t h e  
au th o r’s rem arks about the W illans’ line. To me it seems th a t 
a lthough it m ay have become known as the W illans’ line, I
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th in k  it was known long' before W illan s’ tim e. I t  is m erely a 
form of equation where x is the  variable to y. y =  a, which is 
a constant, plus b, which is the slope of the line, m ultiplied by 
x, i.e ., y =  a + bx. I  am not sure th a t W illans was the first 
to discover the use of the line. H e was a very rem arkable man 
considering th a t there were m any able‘'men before him . This 
line has recently  been called the P arsons’ line, and the same 
methods as used by W illans are adopted in power stations. 
Each sh ift, the coal consum ption is plotted on a sheet of 
squared paper and a line drawn through, and the formula 
y =  a + bx is utilised, and by th a t means the line can be drawn 
which is exactly the same as the W illans’ line. From  th a t line 
one can determ ine quite a num ber of th ings. I t  is used, to my 
knowledge, as a method whereby the bonuses of the staff can be 
determ ined. A nother application is in sub-stations, where the 
output can be plotted against the in terval and a factor deter
m ined for the particu lar resu lts which have been obtained. 
A lthough it has not yet been so used, as far as I  know , I  am 
try in g  to  apply it  to m ains d istribu tion  of an electrical under
tak in g . I  th in k  it  w ill be quite useful in  determ ining w hat 
the capital cost will be for any fu rther extensions. I  was 
in terested  some tim e ago in boiler testing  abroad, and in the 
question of the to ta l heat content of steam . I  used various 
au thors’ figures for determ ining the efficiencies of boilers. I 
used M ollier’s figures, also C allendar’s and S todola’s, and I 
found th a t there were great discrepancies at the h igher range, 
notably  above 1250 B .T h.U . per lb. There is one th in g  I 
would like to ask Mr. W ells— w hat is the ra tional standard  he 
m entioned? I  was not quite clear on th a t point and I  would 
like to have it explained more clearly.

Mr. <T. W a r d : I  do no t th ink  W illans claimed to have dis
covered the  linear law. The linear relation between experi
m ental quan tities was known before W illan s’ tim e.

Mr. W e l l s : I t  could not have been known before W illan s’ 
experim ents. W illans plotted to ta l w ater used aga inst horse
power.

Mr. W a r d  : I  th ink  orig inally  aga inst in itia l pressure.
Mr. W e l l s : No, against horse-power. You have to remem 

ber th a t the law is only applicable to an engine w ith  constant 
cut-off.

M r. W a r d : Y es, p rovided you keep  th e  cut-off co n stan t the  
steam  consum ption  is a lin e a r fu n c tio n  of th e  in itia l  p ressu re
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since the la tte r  is directly  proportional to horse-power. R efer
ring  to the previous speaker’s rem arks re p lo tting  experim ental 
quantities. A fter an experim ent of any kind one na tu ra lly  
plots one quan tity  (the dependent variable) aga inst the o ther 
quan tity  (the independent variable) to see if there is a linear 
relation between thern.^ I f  there is not a linear re lation then 
plot logarithm s of the  quantities.

Mr. W ells m entions the  work of Professor Callendar. I  
certain ly  th ink  th a t those of us who are teachers of engineer
ing ought to persuade engineers who Avork out tests  to use 
Callendar’s Steam  Tables exclusively. I  rem em ber M r. W ells, 
in his contribution to the discussion on Mr. N eill’s paper on 
superheating, tried  to drive home the im portance of using  
Callendar’s Tables. I  th ink  there should be copies of Callen
dar’s Tables and Charts, including his recent tables for h igh  
pressures, in  the In s titu te  L ibrary . R eferring to W illard  
Gibbs, who Mr. W ells mentions in his paper, he was an 
Am erican chemist of the last century  and his researches were 
principally  concerned w ith  the application of therm odynam ics 
to chem istry. W e engineers are indebted to him  because he

PYgave us the definition of to ta l h e a t : i.e ., H  =  E  + . Also
J

he gave us G ibbs’ function, which can be used for determ ining 
adiabatic heat drops. Mr. W ells mentions the R ankine cycle 
and the argum ents which took place in  the early days of the 
first H eat E ngine and Boiler Trials Committee as to wThetlier 
they  should adopt the R ankine cycle as the standard  of com
parison for the steam  engine which does not have complete ex
pansion down to the back pressure. Owing to  the  steam  being 
released from the cylinder a t a pressure h igher th an  the back 
pressure, the toe of the R ankine P .Y . diagram  is cut off. P e r
sonally, I  th ink  the  modified R ankine cycle was turned  down 
owing to the g reater work involved in determ ining th e  
efficiency. I f  the modified R ankine cycle is drawn on a tem - 
perature-entropy diagram  a p lanim eter is required to deter
mine the areas representing heat quantities. I  have found th a t 
the Callendar to tal-heat log-pressure diagram  is the best to  
iise for w orking out efficiencies on the modified R ankine cycle.

*Mr. W ells says, “  Then th is leads to  the exam ination of the  
cycle, and Carnot has shown how the  various processes m ust 
be conducted in  order to obtain the hea t re su lts .”  Should no t 
th a t read “ and R ankine has show n,”  etc.

Mr. W e l l s  : No, it  is quite correct.
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Mr. W a r d : In  the next paragraph  I  th in k  Mr. W ells is 
optim istic when he suggests th a t “  by w eighing the conden
sate the w eight of steam  utilised  by the engine m ay be obtained 
if the am ount of leakage a t glands, jo in ts, jacke t, cylinder 
drains, etc., are weighed and added .”  One can obtain  the 
w eights of steam  used in jackets and also from the glands of a 
tu rb ine , b u t to me it  does not seem feasible to m easure leakage 
from glands of a reciprocating  engine or from pipe jo in ts.

In  connection w ith  the R eport, I  was unable to  a ttend  any 
of the m eetings except the last, when the R eport was in its  
final form. I  well rem em ber the rem arks of the Chairm an, 
M r. Patchell, who said th a t if the R eport is r ig h t to -n igh t it 
will be w rong to-morrow m orning. I t  will always be open to 
criticism , and I  criticise the inconsistency of the various Panels 
in th e ir use of symbols. To give an example, one finds I  used 
for to ta l energy in  the Steam  E ngine and Boiler Section and H  
used for to ta l heat in another section. I  ra th e r fancy the 
nom enclature of the in troductory  m atter to the Steam  E ngine 
and Boiler Section has a flavour of P rofessor D alby, and if I  
m igh t say so, I  th ink  he is wrong in calling I  to ta l energy.

y ?  m -y-2

Total energv is equal to I I  4- , , II, being total heat a = -
. . 2gJ 2gJ

the  heat equivalent of the k inetic  energy of the steam . Even 
M ollier m akes this m istake when he labels the ordinate of his 
chart, to ta l energy instead of to ta l heat.

I  wish the Committee had been able to deal w ith the reversed 
hea t eng ine: i.e ., the refrigerato r, for I  th in k  the R eport of 
the R efrigeration  Research Committee was left in an incom
plete s ta te . T heir report included the therm odynam ics of 
re frigeration  by Ew ing and a recom m endation as to the u n it of 
re frigeration , bu t did not include any inform ation th a t  would 
guide one in m aking and w orking out the results of a com
prehensive tr ia l on a re frig era tin g  plan t.

M r. F . 0 . B e c k e t t : Mr. W ells has given us a concise h is
to ry  of the m ethods of te s tin g  from the days of our forefathers 
downwards, b u t there is one point I  th in k  we should acknow
ledge and for which we should perhaps excuse the earlier 
research w orkers, nam ely, th a t in  carry ing out his extrem ely 
delicate tests P rofessor Callendar has had the help afforded by 
m odern instrum ents, which K ennedy, R ankine, and the others 
were denied. In  1926 I  heard him  say th a t he w anted to 
m easure 7 8 0 |°  F ., and he had the aid of Thom son’s galvano
m eter. In  a somewhat sim ilar m anner to the use of the various
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num bers on the H .T . batteries of our wireless sets, so be could 
get the various degrees rang ing  upwards and downwards. I t  
was like our early microm eters which were very difficult to 
graduate. I  th ink th a t, apart from his g reat work, for which 
personally I am much indebted, we feel— at least I  feel— th a t 
the  im provem ents in modern workm anship have perm itted  the 
production of delicate instrum ents which have furthered the 
com pilation of the present standard  data in tab u la r form. The 
in terna l combustion engine is the resu lt of th a t work.

Mr. Sydney A. Sm ith , M .Sc. (By correspondence) : I  have 
read w ith in terest Mr. W ells’ paper, and th in k  the au tho r is 
to  be congratulated  on com pressing the general textbook know
ledge on the h istory  of the steam  engine into so few words.

In  the opening paragraphs of the paper there are some ra th e r 
hard  th ings said about the u ltra-practical m an and w ith much 
of w hat the au thor says I  am  in agreem ent. E ngineering  to 
day is becoming a more and more applied science, and the day 
of the “  rule of thum b ”  m an w ithout fundam ental principles 
is passing, if not already passed.

G ranting  th is, I  do th ink, as one engaged on the technical, 
.as well as practical side of m arine engineering, th a t the investi- 
•gators of the past and present owe much to the practical m an, 
and so far it has not been my m isfortune to m eet the m an who 
would “ double the diam eter of the cylinder and piston rod ”  
in  order to double the ou tput of his engine. I do not know if 
these men existed in the h istorical past, w ith  which the au thor 
deals in his paper, but I  am of the opinion th a t they  would be 
very hard to find at the present day.

As the au thor deals alm ost exclusively w ith the steam engine 
1 would like to ask w hat he considers the best relative efficiency 
basis for this type of engine. I t  is usual to refer the therm al 
efficiency of such engines to the R ankine cycle in which the 
ideal efficiency may be w ritten ,

( Tj -  T 3 )  ( l  + X,p‘ ) -  T .lo g e J -

xLi! +  T, ^ “ T„
W here T, =  In itia l absolute tem perature.

T2 =  F inal absolute tem perature.
x =  In itia l dryness fraction of steam .
L, =  In itia l la ten t heat of dry satu ra ted  steam .
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and for superheated steam  having a to ta l absolute tem perature 
T3 we have,

Rankine efficiency =

where Cp =  specific heat of superheated steam at constant 
pressure.

W ith  regard  to the Diesel engine I  have not had the oppor
tu n ity  of perusing the la test report m entioned by the author, 
b u t I  would like him  to sta te  w hat he considers the best relative 
efficiency basis for this type of heat engine since the air 
standard  efficiency, nam ely,

disregards the variation  in the specific heat and the heat losses 
from the expansion and compression not being adiabatic.

Mr. E . W . L. N i c o l . (By correspondence) : As a member 
of th is In s titu te  whose privilege it was to represent the In s ti tu 
tion  of Gas Engineers 011 the H eat E ngine Trials Committee 
appointed in 1922 by the In s titu tio n  of Civil Engineers, and 
having attended regu larly  the num erous m eetings of the main 
and certain  Sub-Committees up to the tim e of the publication 
of the R eport in 1927, I  feel com petent to offer a contribution 
to the discussion on M r. W ells’s in te resting  and instructive 
Paper. This claim to competence is supplem ented by m any 
years of power station  experience which includes responsible 
partic ipation  in num erous official guarantee and regu lar routine 
therm al efficiency and fuel tests.

W hile I  believe I  fully appreciate the practical and scientific 
value of the R eport, I am also conscious of its failure, in my 
opinion, sufficiently to emphasize the influence of w hat I  regard  
as a factor of fundam ental im portance in tes tin g  steam  plant, 
nam ely, the relative efficiency of fuels of sim ilar description, 
bu t having widely different physical and chemical characteris
tics, as d istinguished from furnace, stoker and boiler efficiency.

In  the Test Codes provision is duly made for tab u la tin g  the 
proxim ate and ultim ate analyses of fuels solid, liquid and

where r  =  ratio of compression
r CY  =  ratio of specific heats

Jv
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gaseous; b u t tbe significance of these analyses is barely h in ted  
a t. The engineer or owner of the p lan t is left to draw his own 
conchisions, according to his knowledge and wisdom, as to the 
relative efficiency of, say, two steam  p lan ts sim ilar in  size and 
detail, but differing in the fundam ental characteristics and in  
the physical condition of the  fuel used; and as Mr. W ells has 
refrained from criticising the R eport, and has eulogized it  as 
an “  im portant epoch m aking w ork ,”  a few words of construc
tive criticism  here may possibly add to the in terest of his Paper 
and, conceivably, m ay enhance the practical value of the R eport 
itself, to members of th is In s titu te .

I  am aware th a t every facility  was extended to scientific 
bodies th roughout the world to criticise the draft R eport before 
final pub lication ; bu t to my knowledge the point I  wish to em
phasize here has not been raised.

In  Appendix V. the R eport contains the following general 
rem arks and definitions :—

“ I t  is desired to urge W'ith emphasis the use of the gross or 
h igher calorific value as a basis for calculation.

“  The gross calorific value of a fuel is measured by the  
num ber of B .T h.U . generated by the complete combustion of 
] lb. of th a t fuel, all the products of combustion being cooled 
to 60° Fah.

“  The net calorific value (h itherto  used as the basis of calcu
lation) is measured by the gross value, less the la ten t heat 
(reckoned at 1055 B .T h.U . per lb .) of the w ater condensed 
from the products of combustion by cooling to 00° F .

“  The net calorific value of the fuel can be found from the  
following fo rm u la :—

“ N et calorific value per lb. of fuel =  gross calorific value 
less 1055 B .T h.U . (num ber of lbs. of m oisture plus 9 x num ber 
of lbs. of hydrogen).

“  The general effect on the therm al efficiencies of boilers 
and I.C . engines is indicated in the following table, in which 
for an assumed net value the probable corresponding gross 
value is given :—

Therm al Efficiency.
Fuel. On net value. On gross value.

(C oal ................  85% 81%
Boilers - Oil ... ... 85% 79%

I Coke ................  85% 84%
I.C . E ngines ................  35% 32%
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“ W hen determining- the therm al efficiency of a boiler or of 
an  I.C . engine, th a t p a rt of the products of com bustion which 
is not usually  utilized has often in the past been exc luded ; it is 
th is p a rt which is deducted from the gross value to obtain the 
net value.

“  To apply this definition it  has to be assum ed th a t the whole 
of the hydrogen in the fuel has been b u rn t to w ater and th a t 
the percentage of hydrogen in  the fuel is known.

“  To obtain th is inform ation a chemical analysis is required, 
and  the trouble and expense thus involved is hardly justifiable in  
these trials for industria l purposes.”

M r. W ells in the course of his P aper rem arks the possible 
adverse influence of inefficient auxiliaries upon otherw ise 
efficient steam  en g in es ; bu t how m uch more positively adverse 
is the effect of inefficient fue l?  Casual reading of the  R eport 
may convey the  im pression th a t one B .T h .U . is as good as 
ano ther; bu t consideration shows th a t due regard  m ust be had 
for the company they  keep. Reference to the table quoted 
above shows th a t the difference between the  net and gross 
calorific values m ay vary  from 1% to 6% according to the 
hydrogen content of the fuel alone, while the calorific value, 
as determ ined by the  calorim eter, m ay be identical. There
fore, every therm al efficiency te s t is v irtually  also a fuel effi
ciency te s t;  b u t th is point appears to have been, a t least, not 
sufficiently em phasized; and in my opinion, no trouble or ex
pense should be spared accurately to ascertain  the  tru e  “  avail
ab ility  ” of the fuel by  determ ining the  hydrogen content. 
Purchased on a therm al value basis th is potential b u t “  unavail
able ” hea t has to  be paid for; and its adverse influence 
(am ounting to  as much as 6% ) on the therm al efficiency 
realized should be only too apparent to both users and m anu
facturers of p lant.

T hat all solid fuels are no t equally efficient in the  boiler 
furnace is a very old observation am ong engineers of the “  u ltra  
practical ” school who know how to apply th is know ledge in 
the best in terest of th e ir employers who, as commercial men. 
are in terested  prim arily  no t in therm al, bu t in commercial 
efficiency, i.e ., the  actual cost per u n it of power.

As standards for comparison the Test Codes fram ed by the 
H eat E ngine Trials Committee will lose m uch of th e ir u n 
doubted value if the point which I  have endeavoured to m ake is 
overlooked by  users of the Codes for boiler and engine testing . 
Theory m ust always, of course, follow good practice ; and if
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one of the “  select few ”  referred to by A1 t-. W ells as those who 
live in  constant contem plation of m athem atical hieroglyphics, 
and continue to draw th e ir salaries, could be induced fu rth e r to 
elucidate the question of relative fuel efficiency and to devise 
a system  of classification and annotation of fuels according to 
their rad ian t efficiency and the difference between th e ir gross 
and net calorific values, members responsible for the purchase 
of fuel and the operation of steam  p lant would, I  am sure, be 
very gratefu l.

Mr. D. L. T h o k n t o n , Member. (By correspondence) : The 
in teresting  Paper by Mr. W ells urges one, as a practical 
engineer, to pass a few comments thereon lest some of us, and 
apprentice engineers in particu lar, receive wrong impressions 
concerning the foundations of our professional activities.

I t  m ay be true  th a t the “  u ltra  practical ”  man m ay be 
ignorant of some points, bu t the practical man is, of necessity, 
a reasonable in terp re ter of the true facts concerning the world 
in which he lives— otherwise, the h istory  of the achievem ents 
of practical engineers in the past would call for serious cor
rection. I t  has been my good fortune as consultant to work 
w ith practical engineers in m any parts of Europe, N orth and 
South America, and I  m ust confess th a t I  have never experi
enced their w ant of engineering knowledge such as Mr. W ells 
appears to have felt when coming into contact w ith  this group 
of men th a t forms the backbone of the structu re  of engineering 
progress. The diam eter question referred to in  the Paper may 
frequently  arise in the career of students trained  only in col
leges-—and afte r they have left these institu tions— but one is 
seriously inclined to doubt its occurrence am ongst even a small 
percentage of the mass of practical engineers.

An exam ination of the progress of engineering science will 
give rise to a feeling of doubt regard ing  the assertion th a t 
theory is always behind practice, for are there not very many 
instances where theory has preceded practice—and has even 
indicated the path  of fu tu re prow ess. May I  suggest a few 
occasions, in the sphere of natu ra l philosophy, when the in itia l 
stasyes were those of pure theory and in which the subsequent 
and dependent practical applications had, and appear to nos- 
sess, im portan t influences on hum an w elfare. At random, 
these m ay include : F araday’s electrical theories and th e ir appli
cations to motive pow er. H ertz ’s theory which revealed the 
possibilities of wireless telegraphy, the “  porous plug ”  theory 
and its  applications of the bro thers Thomson, the Quantum
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theory of P lanck  which suggested  the foundations of our p re
sent knowledge concerning the stru c tu re  of m atter, E in ste in ’s 
theory  of R elativ ity  which preceded and predicted the discovery 
of the distortion of a lig h t—ray  (a subject not unrelated  to  
practical astronom y), and E dding ton ’s theory of R ad iative  
E quilibrium  of gaseous masses. This list m ay be extended 
considerably, but one feels th a t fu rth e r examples would be 
superfluous at the present m om ent. W ould it not have been 
more accurate for the lecturer to have said th a t theory  and 
practice are but two equally leg itim ate aspects of engineering- 
science and th a t the exclusive use of either was open to abuse ? 
Or, are we to understand th a t the mind of the practical m an is 
m ainly concerned w ith “  l ’a r t de s ’egarer avec m ethode ”  ?

Is it not a distortion of term s and their true  m eaning to say 
th a t “ a theory is an  hypothesis ”  ? From  the Greek theorem a 
(to view) we have always understood a theory  to be a law of 
the mind applied to phenomena, and at the same tim e rem em 
bering  th a t any synthesis of n a tu ra l phenom ena is a lim ita tion  
of the realisation but not of the content of the science involved. 
In  short, an hypothesis m ay be part of a theory, bu t in a general 
way one cannot fu rth e r extend the connection between these 
two term s, for an hypothesis is a proposition merely assum ed 
for the sake of argum ent.

F u rth er, is not the Paper unduly critica l of “  abstruse m athe
m atics ” when we recall the fact th a t the m onum ental work of 
W illard  Gibbs is based on foundations which were carefully and 
laboriously laid by the pure m athem aticians of the  past. I  am 
inclined to dem ur to the assertion of the Paper th a t the in te lli
gent grasp of therm odynam ics has been greatly  hindered by the 
general use of abstruse m athem atics; is not the m athem atical 
symbolism an inherent part of the concept of energy? Maybe, 
the first fau lt lay w ith  the teachers of engineering in not 
m aking them selves acquainted w ith  the m athem atical in s tru 
m ent at th e ir com m and? Let us examine the concept of 
entropy, which I suppose to be in the m ind of the lectu rer from 
the symbols referred to by him, in the spirit of these observa
tions of mine. A general difficulty in the conception of entropy 
is due to the fact th a t  it  is not possible to define the equality  of 
entropy of two chemically different bodies, although it is pos
sible to compare the variations of entropy to which the separate  
bodies are subjected. The m odern conception of entropy in 
volves the postu late th a t the path  of physical phenom ena is, so 
to say, in a definite direction which cannot be reversed. T his
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rigorous view is held by those who have examined the subject 
from  the molecular and atomic standpoints, and connotes th a t 
the  concept of the principle of increase of entropy is a s ta tis
tica l principle based on the laws of probability  as enunciated 
by Gibbs and Boltzmann. In  short, the entropy of a system 
is expressible in term s of the num erical value of the probability  
involved in the problem. I f  we are inclined to complain of the 
involved and complex natu re  of phenomena open to us as 
engineers, we do not bring  nearer a solution of our difficulties 
by  decrying the symbolism which adequately reveals the prob
lem before us as practical in terpreters of the sources of power 
open to the service of m ankind.

A fter reading “  E xperim ental Researches ”  (vol. I I I . ,  p. 1), 
and H elm ’s “  L ie E n erg e tik ,” I  should, a t least, be inclined to 
couple the nam e of F araday  w ith th a t of .Toule as the in itia to r 
of the conception of the conservation of energy.

A fter all is said, is i t  not the duty  of engineers to pay silent 
homage to the memory of th a t long procession of those to whom 
we are indebted by using the results of their labours in our 
in terp retation  and expression of ideas concerning the founda
tions of engineering science. By all means, sim plify the 
m athem atical symbolism used by these pioneers of hum an 
thought and endeavour, bu t do not allow th is process of sim 
plification to d istort or hide the exact significance of the process 
under exam ination.

The A u t h o r ’s  R e p l y :  D uring the discussion much tim e was 
devoted to the “ W illans’ L in e ,”  and it was evident from the 
rem arks made th a t the origin of this line was not correctly 
appreciated. A tten tion  was first called to the m atter by the 
la te  Mr. P . W . W illans in the discussion on a paper by Mr. 
Crompton on “  E lectrical E nergy ”  (Proc. In s t. C .E ., vol. cvi., 
p. 62) on which page is shown a diagram  giving- the “  to ta l 
w ater per h o u r,”  plotted against I .H .P . and E .H .P ., and in 
explaining th is diagram  Mr. W illans said th a t the observations 
taken at a tes t of an engine “  fell sensibly on a s tra ig h t lin e ,”  
also a little  la te r he adds th a t “  the expansion was not varied ,” 
b u t “  the power was altered by vary ing  the steam  pressure.” 
T hat is the engine was th ro ttle  governed and ran  a t constant 
speed. On page 64 the  form ula proposed was—

W  =  w + S tan  0 IT ; 
where W  =  to tal w ater per hour a t useful power IT; w =  total 
w ater per hour a t zero useful pow er; S depended upon the rela
tive scales of horse-power and w ate r; and 0 was the angle
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which the line passing through  the  points ind icating  to ta l w ater 
•consumption made w ith  the base line. This was in April, 1891, 
and the next im portan t date is A pril, 1893, when during- the 
discussion on a paper dealing- w ith the second series of “  Steam 
E ngine T ria ls ,” made by W illans, took place. In  consequence 
of the death of Mr. W illans th is paper was presented by Messrs. 
Robinson and Capt. Sankey, and in describing the tria ls, the 
m ethod of p lo tting  was m entioned (Proc. In s t. C .E., vol. cxiv., 
part iv .) , and in his rem arks a t the conclusion of the 
paper Mr. M ark Robinson said th a t “ undoubtedly the most 
noticeable feature was the s tra ig h t line law of the to ta l steam  
consum ption which his colleague Capt. Sankey had asked him 
to suggest should be called the W illan s’ law . L ate r in the dis
cussion, then P rof., now Sir Alex. B. W . Kennedy, commenced 
his rem arks by saying a few words out of a point which W illans 
had made peculiarly his own— the m atte r of the way in which 
steam  consum ption represented itself graphically , which he was 
glad to hear th a t Capt. Sankey proposed to call the W illans’ law. 
I t  was astonishing, if not even hum iliating  to th ink  how long 
th is  th ing  lias been ly ing s tra ig h t under one’s eyes and vet had 
not been seen. I t  had been custom ary to plot curves per I .H .P . 
w ithout tak ing  the trouble to plot the actually  observed quan
t i ty —the w eight of w ater used per hour. Thus m any th ings 
escaped notice th a t would otherw ise have been seen .” Prof. 
John P erry  in his book “  The Steam  E ngine and Gas and Oil 
E n g in e ,”  on page 83, w rites “  I t  is a law of great practical 
value to us in our calculations ”  ; and in o ther nlaces gives 
exercises and calculations involving the use of the W illan s’ law, 
and in paragraph 161, he shows by analysis, how from theo
retical considerations the enunciation of the law m ight have 
been an ticipated . B ut enough has been stated  to show th a t 
the law was discovered by W illans from observation made dur
ing his tests made on his engines, also th a t it was accepted by 
his contem poraries as a new and valuable addition to  know 
ledge.

M r. Jackson seemed to pu t the “ ca rt before the horse ”  in 
his references to the W illans’ law . The linear law between 
two variables x and y, is sim ply a general exoression in co
ordinate geom etry representing sim ultaneously the co-ordinates 
of points on all s tra ig h t lines, and is so far only an abstraction .

W illan s’ law ”  states a physical fact, and is in th a t sense 
unique, and not general for all facts. I f  Mr. Jackson tu rns to 
“  M ann’s P rac tical M athem atics,”  published bv Longm an, he 
will there find much useful inform ation about the discovery of
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formulae for curves resu lting  from experim ental d a ta ; b u t he 
will soon be in trouble if be tries to fit everything to a “ s tra ig h t 
line ”  formula.

Some exception was taken to the example of w hat a P ractical 
E ngineer would do, but the critics overlooked the la tte r  p art 
of the au thor's  statem ent, th a t it would be urged th a t there are 
not m any who would err so palpably, and th a t this criticism  
would be valid . If  this and the following sentences about 
perpetual motion patents had been re a d ; the critics could 
scarcely have said as much as they did about the example given.

In  m aking investigations into the behaviour of th ings, cer
ta in  observations result from the experim ents th a t a ie  made. 
I f  these observations are quan tita tive in character, they m ay be 
plotted in term s of the variables. W hen such plo ttings are 
completed, they are usually found grouped, and apparently  
they lie in such way th a t  a curve m ay be sketched, so as to  lie 
evenly am ongst them . Those spots th a t lie fa rthest away from 
this line, it may be assumed, are experim ents in which an error 
has been made in m easurem ent, and should be repeated to see 
if the recorded value is correct. W hen the final curve is 
sketched in place so as to represent the best values, the formula 
for th a t line m ay be computed, and the law so found is an em
pirical law. The reason for this is clear, as the line sketched 
is the result of the judgm ent of an individual at a particu lar 
instan t. A fter more experience, and experim ent, he m ay be 
led to reject some of his earlier data, and as a consequence will 
amend the position of his line, leading to a change in the value 
of his constants in the form ula. But la te r the exact explana
tion of the phenomena under exam ination becomes know n, so 
th a t in the lig h t of reason, the formula m ay be determ ined 
exactly, experim ent only being' necessary to exactly determ ine 
the value of the constants involved. Such a formula is ra tional 
or reasonable. C allendar's work on the form ation of steam , or 
possibly Prof. D alby’s “ Steam  P ow er,”  chapter i i i . , would 
help Mr. Jackson to realise the wonderful addition to  our know 
ledge of the properties of steam , th a t has been made as a conse
quence of the work done by Prof. Callendar. I t  is this work 
th a t has made possible a ra tional form ula for the properties of 
steam .

Some atten tio n  in the discussion was given to the question 
of fuels— Mr. E. W. L. Xico1, in particular, dwells upon this in 
the  course of his rem arks— and their su itab ility  for use in steam  
ra ising . In  the course of his rem arks, he states th a t in his 
opinion the Committee in their report did not stress the effect
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upon the relative efficiency of steam  plants, in which the chief 
difference was in the physical condition of the fuel used. L ater 
on he states th a t the “ Casual re a d in g -  of' the R eport m ay convey 
the im pression th a t one B .T h.IJ. is a.s good as an o th er,” and so 
on. A gain, he states th a t “ the actual cost per un it of power ” 
is the item  th a t counts.

As a m ember of the Com mittee it seems to me Mr. Nicol can
not have attended  regularly  the m eetings, or have read closely 
the conclusions arrived at by his colleagues upon the points to 
which he refers. On page 9 it is stated  explicitly  th a t the 
“  principal object has been to standardize the methods uf 
recording observations and of expressing the results.” A few 
lines lower down we read “  that the trials of heat engines 
should be made only by fu lly  qualified engineers, and that this 
Report is not intended to enable trials to be made by those not 
so q u a l i f i e d These quotations have been italicised, for they 
v irtually  answer all Mr. N icol’s criticism s.

If  Mr. Nicol tests a p lan t, and determ ines the several quan
tities  re la ting  to steam  generation detailed in the R eport, he 
will a t the end of the test have the calorific value (gross) of the 
fuel as delivered to the furnace; its analysis com plete an d /o r 
proxim ate, as he m ay consider necessary; the analysis of the 
flue gases, a t the proper points in their passage to the 
chim ney: the  qu an tity  and character of the ashes, collected 
during the test, from which it is submitted, that the competent 
engineer will be able to  determ ine the exact efficiency of the 
furnace, because he will know as nearly as it is possible to ascer
ta in  the exact behaviour of all B .T h.U . supplied. I f  th is resu lt 
is poor then  the m easurem ents of fire-grate ; its  a rea ; the area 
of air spaces in g ra te ; furnace volume, character of furnace 
walls, hea ting  surface, and so on, a ll of which are noted, will 
surely supply sufficient data, upon which to base a reliable 
opinion th a t the fuel is unsuitable, or th a t the conditions under 
which it  is b e i n g  utilised  require modification. Surely the 
object of a test is to discover all the defects in the p lan t, to 
prescribe remedies for the same, and so enable the  “ practical 
man ”  using or designing such plants to obtain b e tte r  com
m ercial resu lts. The R eport contains snecial item s for solid, 
pulverised, gas, and oil fuels, so th a t I  th in k  th a t the Com
m ittee have actually  provided for all the points raised by the 
several speakers on th is  section of tes tin g  a power p lan t.

Mr. T horn ton’s contribution, which ranges over such a wide 
field, m entioning m atte rs  th a t are in teresting , b u t touch only
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very rem otely the subject under discussion, i.e ., engine testing . 
The early part of his rem arks appear to be a very confused 
effort, to show th a t theory precedes practice, and some of his 
suggestions are singularly  inappropriate and unconvincing. 
S im ilarly, the rem arks upon the criticism  of the use of abstruse 
m athem atics in the paper, is so very wide of the m ark th a t 
the only conclusion possible is th a t Mr. T hornton’s experience 
and knowledge m ust he peculiar to himself, perhaps irreversibly 
isentropic ?

In  reply to Mr. Sm ith the most suitable standard  of com pari
son for steam  engines is the R ankine engine, as s ta ted  in the 
R eport on page 13 and elaborated in the context.

I t  is hoped th a t  th is ra ther long reply has not overlooked any 
im portant points, and it only rem ains to add the au th o r’s appre
ciation of the reception of the paper, and of the subsequent 
spoken and w ritten  discussion, he is very g ra tefu l for the m any 
kind th ings said.

The C h a i r m a n : W e are very much indebted to Mr. W ells 
both for his paper and his reply to the points raised in the dis
cussion.* The subject has raised an interesting discussion and 
I  am sure it and the paper will be read w ith g rea t in te rest by 
our members. I  woidd like to propose a hearty  vote of thanks 
to Mr. W ells.

The m eeting term inated  w ith a vote of thanks to the Chair
man, proposed by Mr. W . M cLaren.

------------ o-------- —-

Contribution from W . Brooks Sayers (M ember): —
C o a l .  A P r o p o s e d  S o l u t i o n . — The proposed solution con

sists in developing and financing a scheme by which every col
liery coming w ithin a determ ined category as regards possible 
economical working should be kept working a t fu ll bore, or at 
some ascertained most economical rate irrespective of the im 
m ediate demand for actual consum ption or exportation. By 
the most economical ra te is m eant the ra te at which the coal 
can be won and brought . 011 to the surface a t the lowest cost 
per ton while paying reasonably good wages to the m iners and 
personnel and reasonable profit to owners.

Thus abundant coal at m inim um  cost is to be available to 
all industries and consumers.

* Kindly elaborated subsequently, including the contributions by correspondence.—J.A.
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Coal is to be sold w ithout restric tion except th a t  price m ust 
not exceed a determ ined figure based upon actual cost of ra is
ing  and transport w itb  reasonable charges for profit.

The Governm ent or a powerful syndicate of financiers and / 
or bankers is to purchase (or pay charges for storage, a n d /o r  
in terest on capital involved) all surplus coal beyond w hat is 
sold or consumed.

Such surplus coal to be su itab ly  stored under seal and 
w arrants or certificates issued for every (say) 10, 25, 50 or 100 
tons stored. This surplus of “  sealed ”  coal is not to be p u t on 
the m arket unless under em ergency or w ith a predeterm ined 
period of notice.

The principle is th a t coal is to be steadily  raised from  the 
mines and stored upon the surface, as a first class national asset 
and requirem ent for industria l and economic essentials, i.e ., 
production of iron and steel, power, lig h t, heat, transport, etc.

As a means or m ethod of carrying out the proposal in  a 
m anner helpful to trade and beneficial in every way it  is pro
posed th a t coal should be packed at the p i t’s m outh into iron 
containers th a t can be carried on railw ay trucks or directly  
on bogies or chassis for transport by ra il or road, also lifted  
bodily on to shipboard. Such iron containers should be so 
constructed as to be available e ither for re tu rn  produce (say 
from abroad) or saleable as items for bu ild ing  or other p u r
poses.

They m ight therefore be bu ilt of standard  size squares of 
galvanised iron w ith angle iron around edges and bolted to
gether to form container of the size and capacity  found most 
suitable in  varied conditions. The tare  of the container would 
be m arked on it and w eight of coal deduced from to tal w eight.

Such iron or steel squares could be incorporated in design 
of steel houses such as advocated by Lord W eir.

The surplus coal going into store above ground as proposed 
would be in closed-up containers sealed w ith a G overnm ent or 
o ther seal of guarantee as to contents, and w arrants issued for 
such containers either to be held by Governm ent or company 
of financiers who would pay in terest on the capital involved 
instead of or in substantial reduction of doles to unemployed 
m iners or say income tax  to financiers or holders of w arrants.

The sealed and stored coal ivoidd he dealt w ith  as a national 
asset having undoubted absolute value. The method would be
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tried  for a lim ited period of years, or u n til sealed and stored 
coal reached some determ ined aggregate am ount.

A P P E N D IX .

The cost of coal raising  is not lim ited to the financial side, 
there is a continual toll of valuable lives. To reduce th is toll 
i t  is suggested th a t im portant collieries should be provided 
with one or more steel carriages or a tra in  of several, capable 
of being closed up a ir-tig h t w ith air-lock doors for ingress and 
egress driven either on rails or road w ith accum ulators and 
motors, electrically lit, provided w ith compressed air 
and oxygen in  cylinders, and equipped for explora
tion  of conditions of mine, rescue and first aid after accident, 
explosions, etc.

18 /5 /1928 .
P .S .— I  had thought th a t currency notes could r ig h tly  and 

wisely be issued in  respect of 50% of value of coal raised. 
A brother, however, whose opinion I  th in k  to have con
siderable weight, approves my scheme, and th inks th a t 
coal w arrants should be legal tender equally w ith cur
rency notes, and th a t the Bank of E ngland  should be 
authorised when it lias demands for gold to meet those 
demands up to 50% with coal w arrants, including war 
debt to U .S.

W .B  S.
-----------O-----------

Notes.

The following is from “  F airp lay  ”  of A pril 5 th : —
S t a b i l i s a t i o n  o f  t h e  W e l s h  C o a l  T r a d e . — Since about 

the middle of last year, representatives of the South W ales 
coalowners have been strenuously engaged in form ulating  a 
scheme aim ing at the stabilisation of the coal trade , and a 
few days ago w hat m ay be regarded as a partia l operation of 
the new arrangem ent was introduced. I t  will be recalled th a t 
about a fo rtn igh t ago it was announced th a t the form ation of 
the South W ales Coal M arketing Association had been com
pleted, and th a t the Executive Committee, which was to ad
m inister it, was to function im m ediately, the measures to be 
adopted w ith a view to b ring ing  about stabilisation b e in g : (1) 
A contribution of 3d. per ton on the to ta l ou tput raised at 
each colliery in  every period of four w eeks; (2) compensation
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not exceeding 2s. per ton on outpu t lost owing to want of 
t r a d e ; (3) grouping* of collieries, classification of coals, and 
fixing of m inim um  prices; (4) a penalty  of 2s. per ton for sell
ing  below tbe m inim um  prices; and (5) effective control by tbe 
M arketing Association of all m atters appertain ing  to tbe scheme. 
I t  was then  expected th a t the full details of the grouping of the 
collieries and of the m inim um  prices would be announced almost 
im m ediately, bu t apparen tly  th is is a p a rt of the task under
taken by the coalowners which has presented m any difficulties 
not to be easilv surm ounted. Anyhow, up to the end-of last 
week the executive committee had not, so far as could be 
gathered, succeeded in dealing w ith other th an  the M onm outh
shire group of coals, for which increases in  prices rang ing  from 
3d. to 6d. per ton in  excess of those recently ru ling  were pu t 
into force. This arrangem ent, however, i t  is believed, is, 

likely to prove tem porary, inasm uch as it was largely  the 
outcome of the fact th a t  the prices ru ling  for some length  of 
tim e for these classes of coal were relatively  lower th an  those 
of o ther descriptions of large seams.

The method of the coalowners in dealing w ith  only one sec
tion of the industry  came in  the nature of a surprise to the 
m arket, and there was a strong feeling am ongst coal shippers 
generally  th a t m inim um  prices should not have been in tro 
duced u n til such tim e as the owners were in a position to apply 
them  to all the various grades of coal. At the tim e of w riting  
it is not definitely known when the executive com m ittee will 
complete its task and furn ish  the m arket w ith the complete list 
of prices which it is intended to attem pt to establish, bu t it lias 
been somewhat freely reported th a t, ap art from an increase in 
the M onm outhshire coals referred to, very little  varia tion  in 
the prices at present ru ling  is contem plated. W hile  it is con
ceded on practically  all sides th a t the owners are fu lly  justified 
in m aking every possible effort to pu t an end to the disastrous 
financial losses which have been incurred for so long, it is felt 
not only th a t the various descriptions of coal should have been 
dealt w ith sim ultaneously, bu t, moreover, th a t coal exporters 
should have been given a fa ir  am ount of notice as to the date 
on which the new scheme was to operate, if only for the pxir- 
pose of acquainting  th e ir buyers abroad of the proposed 
changed conditions. The hope is fu rth e r expressed th a t the 
owners when finally agreeing upon both the classification of the 
collieries and of m inim um  prices will bear th is aspect of the 
question in m ind. Otherwise, difficulties and delays, w ith a
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possible loss of business, are likely to be encountered a t the- 
outset, thus setting up interference w ith the ordinary  channels 
of trad in g  which m ay prove som ething more than  vexatious.

Of course, the experience w hich has so fa r been gained of 
price control methods has been altogether too lim ited to enable 
definite and comprehensive views being formed as to the u lti
mate effect of such measures, bu t it  can a t least be said th a t 
the views which have been more la tte rly  expressed in South 
W ales coal-exporting circles are not altogether favourable to 
such means being employed for the purpose of establishing 
prices which it is hoped will a t least perm it of working costs 
being covered. R ather, in  fact, is the opinion very largely 
held th a t the more suitable, if, indeed, it would not eventually 
prove to be the real and only remedy for the present parlous 
state of the industry  is to be found in co-operation and reor
ganisation between the owners and the miners. There is u n 
doubtedly m uch to be said in favour of th is view, for while 
control of prices m ay possibly in  the long run  prove of much 
benefit to tlie industry , the fact cannot be overlooked th a t it  is 
equally possible th a t it w ill be attended w ith consequences 
th a t will do any th ing  but assist in restoring the industry  to 
its form er prosperity. Thus, while the results of the measures 
at present contem plated are problem atical, it has on the o ther 
hand been dem onstrated in a very notable degree in  m any 
cases th a t much has been done in the direction of tu rn in g  losses 
into profits by co-operation between the masters and the men.

A few illustrations of w hat has been accomplished in  th is  
respect have been provided recently by competent authorities. 
They are worth repeating. In  one case a W elsh colliery had 
been closed down for th irteen weeks because a steady loss was 
resulting on the sale of each ton of coal. I t  was restarted  on 
a co-operative basis, and in a few weeks the ou tput was in 
creased from an unprofitable eleven hundredw eights per man 
to over 20 hundredw eights per m an. Moreover, only about 
h a lf the num ber of the men working at th is  colliery in  pre
stoppage days are now employed, yet they are producing more 
coal. In  another case, a colliery was on the point of closing 
down when it was decided as a last hope to introduce the co
operation principle. In  one week the ou tput rose from 3,200 
tons to 3,800 tons, while the average is now said to be 4,700 
tons. In  all, about twelve or th irteen  W elsh collieries have 
tried  the co-operation basis of working, w ith results w hich so 
fa r have proved decidedly satisfactory.
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A pparently , However, tlie coalowners, or a t least a very large 
m ajo rity  of them , are now definitely com m itted to the coal 
price stabilisation scheme, and it will possibly be introduced in  
all its bearings e ither before or im m ediately afte r the E aster 
holidays. T hat its advent is aw aited and w ill be followed 
w ith  considerable in terest there is not the  least doub’t. Also 
its  influence on the general coal trade situation  will be given 
close atten tion , for i t  is felt th a t such a departure from  old- 
established methods cannot be made w ithout at least decidedly 
unsettling  effects. Coal exporting  firms w ith large connec
tions in  most of the foreign m arkets are also somewhat con
cerned as to the a ttitu d e  wliich will be adopted by buyers 
abroad in  the event of a h igher level of prices being decided 
upon th an  those now curren t, a lthough for th e ir  own p art 
they  are of the opinion th a t, under a continuance of present 
conditions in  the w orld’s coal trade , the price of the W elsh 
commodity will eventually  be determ ined by the world price.

A N i p p o n  Y t t s e n  K a i s h a  F i l m . — A t the inv ita tion  of the 
N .Y .K ., la d istinguished company witnessed, a t the Scala 
T heatre, Charlotte S treet, W ., on Thursday evening last week, 
a special film prepared by the Company, showing the route 
followed by th e ir  vessels on th e ir twelve thousand mile passage 
to and from  Jap an , together w ith life and incidents on board 
ship. The sights a t the chief ports of call were also shown* and 
the chief cities and beauty  spots in  Jap an  depicted. The 
second h a lf of the program m e was devoted to descriptions of 
the chief Japanese industries. D uring  the in terval the 
London m anager of the Company, M r. J .  B lair, thanked those 
present for th e ir  attendance, and said he hoped the films would 
show th a t the F a r  E ast, especially Jap an , has varied a ttra c 
tions for the tourist. He also pointed out th a t the N .Y .K . 
fleet now exceeded 750,000 tons, in  addition  to a sh ipbuild ing 
program m e a t present on hand of th ree new motor-vessels of
16,000 tons gross each and a speed of 18 knots, also two new vessels 
of 10,500 tons, for the im provem ent of the European m ail service. 
R eferring  to the passenger business, Mr. B la ir stated th a t 
there had been a steady increase of passengers since the war, 
and th a t the M editerranean cruises during  the sum m er season 
had  become very popular. I llu s tra tin g  the m oderate cost of a 
first-class passage from London to Yokohama and back, he 
pointed out th a t, in  a journey  occupying 96 days, the cost was 
only  £184, and suggested th a t, ignoring  the fact th a t the
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passenger was carried 24,000 miles, the rate charged was less  ̂
th an  the cost of staying in a first-class hotel.

The following is from “  The Iron  and Coal Trades Review ,r 
of A pril 13th : —

T h e  B u r d e n s  o f  I n d u s t r y . — Now th a t the financial year 
has ended w ith an unexpected surplus, it is na tu ra l th a t a 
demand should he made for a contribution to local rates from 
the Exchequer. According to an adm irable m em orandum  on 
the “  B urden of Local T axation ,”  prepared by the E ngineering 
and A llied Em ployers’ Federation , the burdens which have to be 
borne by industry  are becom ing intolerable. Since 1913, 
according to the B alfour Committee, the money cost of local 
rates and services per u n it of output has at least trebled, so 
the difficulty of m eeting foreign com petition has been corres
pondingly increased. In  the engineering industry  the cumu
lative load of rates and social charges payable in  respect of 
raw or sem i-m anufactured m aterials means an addition of 9 
or 10 per cent, to the selling price. The m em orandum  re
cognises th a t most of the social services were imposed by P a r
liam ent, and politicians are not easy to move in the direction 
of m odifying them . B ut where unem ploym ent benefit and the 
Poor Law relief are concerned, the case is different, “  because 
the adm inistration of these two services leaves m uch to be de
sired in the way of im provem ent and economy.”

A table shows the cum ulative costs of rates and social ser
vices per ton of finished steel (from coal and ore to the finished 
product) in  the years 1913 and 1923. F ive firms appear in 
each y ear; in each case the am ount is given for local rates, 
workmen’s compensation, and national insurance. F irm  A 
(black C /A  sheets) paid 2s. 5d., Is. 5d., and 6d. respectively 
in 1913; ten  years la ter the charges had risen to 3s. 6d., 2s. 6d., 
and 2s. 8d. respectively. F irm  C (m aking steel rails) paid 
only Is. 10d., 8d., and 4d. in  1913; ten  years la te r it  paid 
5s. 9d., Is. 5d., and Is. 4d., a combined increase of 200 per 
cent. A firm m aking tinp la tes found its to tal expenditure in 
creased from 3s. 5 |d .  per ton to 11s. 8d. per ton. W e should 
observe th a t iron and steel m anufacture, m ining, and quarry 
ing were not insured trades for unem ploym ent purposes before 
the war. In  1913 the annual sum paid to the U nem ploym ent 
F und  by employers and workpeople was about £1 '6  m illion ; 
in  1924-25 th e ir  contributions had risen to £36-7 m illion, w ith 
a contribution from the taxpayer of £13 m illion. A nother
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table, p rin ted  at tbe end of tbe m em orandum , sbows in detail 
the astounding grow th in  the cost of social services between 
1911 and 1926. E xcluding  £64 m illion for war pen
sions, we find th a t the to tals increased from £63 m illion to 
£287 m illio n ; p a rt of the  too m uch heavier spending, w ith no 
corresponding increase is due to new services, bu t a large p art 
im provem ent, on old services such as education.

Some in teresting  details regard ing  the cost of I’ates, taxes 
and social services in  the coal, iron and steel industries are 
given by Lord B alfour’s Committee on In d u stry  and Trade 
in  th e ir volume on “ F u rth e r Factors in  In d u stria l and Com
m ercial Efficiency,”  extracts from which were commenced in 
last week’s “  R eview ,”  and are continued elsewhere in  th is  
issue. I t  will be seen th a t tak ing  1913 as equal to 100 the 
cost of rates, property  tax , and social charges in the m in ing  
industry  during  M ay-July , 1925, was 315. P articu lars  re la t
ing  to the iron and steel industry  abstracted from the same 
source are given in  the  following table : —
Comparative Costs of Rates, Property Tax, and Social Services 

in  1913 and P ost-W ar Years, 1913 =  100.
1924.

Basic pig-iron ... ... ... 197
Semi-finished steel ... ... ... 247
Sections ... ... ... ... 292
Shipplates ... ... ... ... 288
Tinplates ... ... ... ... 508
W ire ... ... ... ... 381
W ire netting  ... ... ... 263*

Seeing th a t  these figures relate to different periods, and in 
clude rates and property  tax , they are not quite com parable 
w ith  the details regard ing  iron and steel given by the F edera
tion and enum erated above.

According to the m em orandum , industry  contributes directly  
not less th an  one-fourth of the to ta l rates levied in  G reat 
B rita in . Between 1914 and 1926 the sum raised by rates in 
creased from  £79 m illion to £166 m illion. Of course, an 
allowance m ust be made for the fall in the purchasing power 
of m oney; a t the values of 1925 the rates per head would 
have been £3  0s. 6d. in  1914 and £ 3  15s. lOd. in 1926. Since 
th a t year rates have increased, and the to ta l for 1927 m ay have 
been £180 m illion ; of th is  la s t to ta l -something like £54?



284 N O TES.

m illion was spent on the relief of the poor. The engineering 
employers describe the sample analyses of the M inistry  of 
Labour, which we gave last week, as “ neither satisfactory 
nor conclusive” ; they suggest th a t the D epartm ent dealing 
w ith the question is not the rig h t body to make the 
analysis. They suggest a Royal Commission into the 
whole question of the unem ployed, of unem ploym ent insu r
ance, and of the relation  between unem ploym ent benefit and 
Poor Relief. As everyone knows, the U nem ploym ent F und  is 
heavily in debt (£24 m illion), while m any Boards of G uardians 
have borrowed large sums from the Governm ent. There is 
no thing so depressing, we are told, “  as having to pay off a 
deb t.”  The memorandiim wants to separate the dead load of 
these debts from the current load.

At the annual meeting^ of ,the A m algam ated A n th rac ite  
Collieries, S ir A lfred Mond spoke strongly about the cum u
lative burden of local rates and railw ay rates. In  one colliery 
area he found th a t local rates were 31s. 2d., compared w ith 
10s 2d. in 1914. Over the whole of the A .A .C .’s collieries 
local rates represent about 5d. per to n ; railw ay costs to the 
port of shipm ent are now 2s. 2 |d .  per ton, against Is. 4d. per 
ton in 1913. Dock and loading charges are about 80 per cent, 
more than  they were before the war. A ltogether the charges 
over which colliery owners have no control mean a serious 
handicap in com peting w ith coal producers on the C ontinent. 
In  most European countries, as M r. E. L. H ann said a t the 
Powell Duffryn m eeting, the Government helps the  coal in 
dustry  by means of reduced railw ay rates or in some other 
wrav, such as the im port restrictions in Spain and in  F rance. 
The Powell Duffryn Company finds th a t the railw ay charges 
for conveyance, tipp ing , and w eighing work out a t 2s. 2d. per 
ton on the average as compared w ith Is. 0 |d .  before the war.

In  spite of the increased goods rates which came into force 
in F ebruary , .1927, the R ailw ay Companies are not showing 
as good traffics as they  did a year ago, and it seems most u n 
likely th a t any of them  will earn, during  1928, the standard 
revenue contem plated by the Railw ays Act of 1921, while the 
N orth-E astern  will be lucky if it can m ain tain  the trustee 
status of its p rior charges. There is reason to believe th a t 
the statistical foundations on which the Act of 1921 was based 
are sinking under the im pact of road com petition. The road 
vehicle, having to pay only a trifling  licence fee for the most 
costly p art of a transport service, i.e ., its perm anent w^ay, can
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quote rates for high-class traffic .considerably below those' 
charged by the railw ay companies. The Act of 1921, and, 
indeed, every Act fixing railw ay rates and fares, has been 
based upon a d istribu tion  of the probable traffic into various 
classes, the idea being th a t the expensive goods can afford to 
pay a m uch h igher charge per ton th an  the cheaper goods, 
such as coal, ore, iron and steel, etc., which in  effect, are car
ried at subsidised rates. B ut now the expensive goods are 
being carried by road-transport concerns, w hich, not being 
common carriers, can pick and choose th e ir  traffic, and will not 
take the low-rated goods. Consequently the R ailw ay Com
panies try  to make up th e ir  standard  revenue by raising th e ir 
charges 011 the heavy traffic, which m ust go by ra il because 
the road concerns refuse to carry  it.

The proposed relief in the m atter of local rates which the 
R ailw ay Companies are likely to secure, should be of m aterial 
assistance in m ain ta in ing  for them  a reasonable m argin  of 
revenue, whilst enabling the coal, iron and steel, and engineer
ing industries to benefit by a reduction in freigh t charges, 
which should be a condition of the relief, and follow auto
m atically . I f  the Companies desire to render the heavy in 
dustries the m uch needed assistance which is im perative to 
enable them  to recover some of th e ir  form er prosperity , really  
substan tial cuts m ust be made in railw ay rates and charges. 
Such a step undoubtedly would soon be justified by a greatly  
increased volume of traffic. F o r the bulk of th e ir revenue the 
R ailw ay Companies depend on the coal, iron and steel, and 
engineering tra d e s ; if these could be brought into greater 
activ ity  by lower railw ay charges even a t an in itia l though 
tem porary loss of revenue to the Companies, a real service 
would be rendered to the country, and u ltim ate ly  to the ra il
ways themselves.

From  “  The Shipping W orld and H erald  of Commerce,” 
A pril 2 5 tl i : —

T h e  P r o b l e m  o f  C o a l  P r i c e s . — The coal industry  of G reat 
B rita in  is face to face w ith  a situation  of great g rav ity , and 
a united  effort by all who can help to re-establish its prosperity  
is necessary. I t  is confronted w ith difficulties bej^ond its con
tro l, such as the artificial stim ulation of exports which is being 
adopted in  Poland and elsewhere. Coal has h itherto  been the 
g reat asset of this island country, and its m ain bulky export. 
F o r m any decades p rio r to the war, coal-m ining was a flourish
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ing  industry . In  coal exports B rita in  had almost a monopoly, 
and m any foreign countries depended on B ritish  mines for 
th e ir supplies of fuel. Along the seaboard of the A tlantic, 
the M editerranean, and the In d ian  Ocean as fa r as Colombo 
and Singapore, there were great depots from which ships drew 
th e ir bunker supplies, and these were stocked w ith B ritish  
coal. The war wrought a great change, and the post-war 
problem th a t confronts the industry  is proving almost in 
soluble. F o r m any reasons the export trade has been d im in
ishing. The suspension of supplies during the war, the ex tra
ord inarily  high prices charged for export coal when supplies 
again  became available, as well as the irregu la rity  w ith which 
supplies have been forthcom ing in recent years owing to stop
pages, tau g h t our foreign customers to look elsewhere for 
th e ir  coal.—Moreover, other sources of power, lig h t, and heat 
have been developed; oil has encroached on the realm  of coal 
in  m any ways, and hydro-electric power has been utilised. 
B ritish  coal has lost the monopoly it once possessed.— In  1927 
our exports to European countries were only 37,000,000 tons, 
as compared w ith 52,000,000 tons in 1913.

Some of the reasons for the fa lling  oft' are of an artificial 
or political nature. The arrangem ent in the Versailles 
Treaty, whereby Germ any was to make reparations in 
kind, has m eant th a t I ta ly , form erly one of our 
best customers, has been draw ing much of her coal 
from  Germ any. A gain, both in F rance and Spain 
partia l embargoes (of a protectionist nature) have been 
institu ted  to safeguard the coal industry . P referen tia l ra il
way rates on coal intended for export are in operation in 
France, Belgium , Poland, and South A frica. In  the case of 
Poland, there has been a deliberate and carefully  planned 
effort to capture the Scandinavian m arket by undercu tting  
B ritish  prices, and the effect has been very pronounced. 
Sweden, Norway, Denm ark, and F in lan d  each show great de
creases in  the am ount of B ritish  coal im ported, and great in 
creases in the quantities received from Poland. The distance 
from the Silesian coalfield to Danzig or Gdynia is about 400 
miles, and the  ra il ra te for coal intended for export for this 
distance is about 3s. 6d. per m etric ton, which is less th an  half 
th e  price charged for ordinary  tra in  loads. T hat th is rate is 
of a “ dum ping ”  natu re  is evident from the fact th a t Polish 
exports to A ustria enjov no sim ilar privilege. A lthough 
V ienna is m uch nearer than  Danzip, not only are the railw ay 
charges greater, bu t the prices of Silesian coal are much
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higher. In  th is  way the Polish coalowners are able to quote 
prices, f.o.b. Danzig, a t figures which are very attrac tive  to 
Scandinavian im p o rters ; and a recent instance is a contract 
w ith the Swedish State Railw ays for 93,000 tons of coal at 
11s. per ton, which was fa r below the price quoted by N orth 
um berland owners. In  face of these difficulties, B ritish  coal
owners and exporters are strugg ling  to gain  the ground th a t 
the industry  has lost. I t  is a hard  struggle, and it is not 
made easier by the conditions which have been imposed upon 
them . In  m any m ining districts the to tal cost of production 
has greatly  exceeded the sale price of the coal. The m iners 
have protested against reductions of wages, and the disastrous 
strike of 1926 was a sort of b lind  resistance to economic law. 
The restoration of an eight-hour day has somewhat bridged the 
g ap  between production costs and selling prices, but the in 
dustry is still labouring under heavy difficulties. H ig h  local 
rates and h igh  railw ay charges still exist, and have, if any
th in g , been increased. And, all the tim e, com petition has 
become keener; it is impossible to m ain tain  h igh  prices for 
export coal when foreign customers can obtain th e ir  coal from 
o ther sources or do w ithout it  altogether. A part from read
ju stin g  burdens of taxation  and ra tin g  the Government can do 
l i t t le  to  help. In  a ten tative m anner the coalowners are en
deavouring to meet the situation . The various schemes for 
am algam ation m ay aid in reducing overhead costs and in  re
viving the export trade . An increased use of coal in  the pro
pulsion of ships will m ean a la rger m arket, and there are 
hopeful indications th a t th is m arket is being created. B ut 
as long as coal is sold on the Continent at artific ially  reduced 
prices, the struggle will be a hard  one. However, there is 
always a lim it to these artificial experim ents, and economic 
law  reasserts itself in  the long run . The point of present in 
terest is w hether the lim it can be brough t nearer by diplom atic 
or o ther pressure.

C h a n g e d  C o n d i t i o n s . — “ In  years gone by, when this 
country had w hat am ounted to a monopoly of m anufacturing , 
a policy of supplying demands as they  arose served us w e ll; 
th a t policy is now insufficient and inadequate. I f  we do not 
create a dem and for our goods, o ther nations will create it for 
th e irs .” — Sir -lames M artin .

M i n e o w n e r s  a n d  t h e  C o a l  P r o b l e m . — “ N otw ithstanding 
the  increase in motorship tonnage, I ,  for one, do not believe
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we have heard the last of steam. I  certain ly  believe there is 
an opening for great developments in powdered fuel systems 
of firing. I t  is tim e the collieries woke up. I t  is wrong to 
leave the  problem  of the depression in  the coal trade to be 
solved by engineers and scientists, and the people who ought 
to be doing most a t the moment, are doing the least.” — The 
Duke of Montrose.

O n e - s i d e d  T h i n k i n g . — “ The modern habit of objection to 
com petition arises from the modern political folly of th ink ing  
of only one side of trade and industry . W e insist upon con
cen trating  the whole of our atten tion  upon the m aker of an 
artic le , and forget altogether the other person or persons whose 
need of the article is the only excuse for the m aking of it or 
for the existence of the maker. W ithou t com petition, no 
m arket would ever have come into being, and if the attem pt 
to elim inate com petition succeeded, every m arket would 
w ither and disappear. W e should thus d rift into fo rgetting  
one need after ano ther.” — Sir E rnest Benn.

C r e d i t  a n d  T r a d e . — “ No one realises better than  I  the- 
justification for criticism s aga inst Governm ent trad ing . I 
need make no apology for the Governm ent export credits 
guarantee scheme, bu t I  m ust add th a t if private enterprise 
were in a position to give th is assistance which traders demand 
there would be no necessity for Government interference. In  
the fight for overseas m arkets, credit plays an im portant part. 
Your goods m ay be righ t, your prices keenly com petitive, but 
the scales will be weighted against you if you do not give the 
same am ount of credit as your com petitors.”  Mr. Douglas 
H acking, M .P ., Secretary of the D epartm ent of Overseas 
Trade.

T h e  C o a s t e r  “  D i a m o n d . ” . —  The coasting steam er 
D iam ond , recently completed by the B urntisland  Shipbuild ing  
Company, L td ., for M r. W illiam  Robertson, of Glasgow, is 
of p a rticu la r in terest to m arine engineers, as she is the first 
ship to be propelled by an engine of the  B eardm ore-Caprotti 
poppet-valve type. She is a raised quarter-deck ship w ith a 
length  of 175ft., a b readth  of 27ft. 9 in ., and a depth of 
13ft. 4in. H er deadweight carry ing  capacity is 850 tons, with 
a gross tonnage of 637. H er m achinery consists of a single
screw reciprocating steam engine of the triple-expansion type,.
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supplied w ith steam at 2001b. per sq. in. from  one large single
ended re turn-tube boiler. Tbe engine was b u ilt a t the firm ’s 
Coatbridge works, and although it is s im ilar in  appearance to 
an ordinary  trip le  engine, i t  is more compact owing to the 
absence of the usual eccentric rod gear.

The designed outpu t of the u n it is 650 i.h .p ., and the 
cylinders have diam eters of 1 3 |in ., 22in., and 37in., respec
tively , w ith a stroke of 26in. Double-beat balanced poppet 
valves control the steam  admission and exhaust on the Beard- 
m ore-Caprotti principle, and they are worked from  a rotary 
cam gear which is neatly  arranged near to the cylinders a t the 
back of the engine. The valve lifts  are constant, and the stop 
valve is always kept fu ll open, the speed of the engine being 
regulated by vary ing  the cut-off. An economy of 10 per cent, 
compared w ith an ordinary  trip le  installa tion  is claim ed for 
the new valve gear, which gain , it is hoped, m ay be doubled 
in a larger installa tion  of, say, 3,000 i.h .p ., to which an ex
haust steam turb ine, working on the same shaft, m igh t w ith 
advantage be fitted.

S u p e r c h a r g i n g  i n  D i e s e l  E n g i n e s .— M r .  H e n r y  11. 
S u t p h e n ,  p r e s i d e n t  o f  t h e  N a t i o n a l  A s s o c i a t i o n  o f  E n g i n e  a n d  
B o a t  M a n u f a c t u r e r s  i n  t h e  U n i t e d  S t a t e s ,  r e c e n t l y  e x p r e s s e d  
t h e  o p i n i o n  t h a t  s u p e r c h a r g i n g  w o u l d  r e c e i v e  m o r e  a t t e n t i o n  
f r o m  n o w  o n  t h a n  a n y  o t h e r  f e a t u r e  o f  t h e  D i e s e l  e n g i n e ,  i n 
a s m u c h  a s  i t  o p e n s  t h e  w a y  f o r  o b t a i n i n g  i n c r e a s e d  p o w e r  a t  
m u c h  l e s s  c o s t  t h a n  w o u l d  b e  i n v o l v e d  i n  a d d i n g  t o  t h e  s i z e  
o f  t h e  e n g i n e .  T h e  a d d i t i o n  o f  s u p e r c h a r g i n g  e q u i p m e n t ,  h e  
p o i n t e d  o u t ,  o f f e r s  a  p r a c t i c a l  m e a n s  o f  i n c r e a s i n g  t h e  p o w e r  
o u t p u t  o f  m a r i n e  D i e s e l  e n g in e s )  w i t h o u t  i n c r e a s i n g  e i t h e r  
m a x i m u m  p r e s s u r e  o r  m a x i m u m  t e m p e r a t u r e s  a n d  w i t h o u t  i n 
c l i n i n g  a n y  g r e a t  a d d i t i o n a l  c o s t .

The adoption of supercharging certain ly  is becoming more 
popular am ong m arine engine builders abroad, b u t it has not 
been taken up to any great ex ten t in  th is  country. The three 
B razilian  m otorships Itape, Itaquice, and Itanaqe, b u ilt by 
Messrs. W illiam  Beardmore and Co., L td ., D alm uir, are fitted 
w ith supercharged Beardmore-Tosi engines, bu t they  are the 
first B ritish -bu ilt m arine engines in  which supercharging has 
been adopted. A notable foreign ship w ith supercharged 
engines is the Cosulich liner Saturnia, which is equipped w ith 
two double-acting four-stroke cycle B urm eister and W ain  tvpe 
engines, each developing 9,000 b .h .p ., which m ay be raised
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to 10,000 b .h .p . with the aid of superchargers. M r. Sutphen 
stated th a t in  sm all engines the power ou tput can be increased 
about .15 per cent, by supercharging.

The following is from  “ The Power E ngineer of August, 
1927 : -—

Low - T e m p e r a t u r e  C y c l e s . (A Provocative Discussion of 
some New Ideas resu lting  from R ecent Research. By C. W . 
Olliver, B .A ., B .Sc., E .S .C . (Paris).— The increasing demand 
for power, which is a na tu ra l result of the w orld’s industria l 
development, has brought about w ithin the last decades an 
ex traord inary  rapid evolution of power-producing p lan t. B ut 
th is evolution, rem arkable though it may be, has been re
stricted to the study and im provem ent of the heat jngine, 
based on high-tem perature cycles, and depending on the com
bustion of fuel. The efficiency of such an engine is lim ited 
by well-defined laws, though, as we shall see, even these may 
need modification in view of recent research. B ut the effi
ciency is a m inor item  when the fact is once grasped th a t the 
world’s fuel resources are rap id ly  decreasing, whereas its power 
requirem ents are increasing just as rap id ly . To make m atters 
clearer, by using a sim ile, we m ay state th a t the world is ex
pending its capital to produce power, and such capital must 
necessarily come to an end.

There are other methods by which power m ay be produced 
than  th a t of using up such stores of energy as n a tu ra l fuels. 
W ate r power has been developed to some extent, and increas
ing attention is being given to the harnessing of tides. Methods 
such as these depend not on capital bu t on revenue; the power 
derived does not correspond to a definite destruction or waste 
of energy, b u t on an expenditure of potential energy, which 
is being constantly restored by na tu ra l forces, and which will, 
therefore, always1 rem ain at our disposal, so fa r as can be fore
seen. A part from the more obvious na tu ra l forces which can 
be utilised, there are m any others to which little  a tten tion  has 
been paid as yet, bu t which are, perhaps, the more im portant. 
Such sources of energy as the wind or the sun are, un fo rtu n 
ately, irregu lar, and as such not wholly u tilisable , bu t when 
we realise th a t the average heat given out bv the sun, after 
allowing for atm ospheric absorption, represents some 
510,000,000,000,000 H .P . over the whole of the ea rth ’s surface, 
it is not hard  to understand th a t, could even a small portion 
of th is be turned  into m echanical power, a very g reat problem 
would be solved.
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This enormous supply of energy cannot be used as such on 
account of its irreg u la rity , but if a m achine can be devised to 
operate w ith reasonable efficiency—firstly, on a m oderate tem 
perature drop, and secondly, on a low in itia l tem perature— 
conditions such as these are constant and regular, and power 
could be produced, not very efficiently, perhaps, bu t w ithout 
any expenditure of fuel.

The Laws of Therm odynam ics.-—Before a ttem pting  to de
scribe the results achieved by means of low-tem perature cycles, 
it is necessary to examine the laws of therm odynam ics, on 
which the theory  of all heat engines is based, and see to w hat 
ex ten t recent research may have modified w hat have always 
been considered as fundam ental axioms. W e m ay state a t once, 
for the reader’s peace of m ind, th a t the modifications are 
sligh t, b u t they m ay, nevertheless, have far-reaching effects.

I t  would seem as though the laws of therm odynam ics were 
no longer in keeping w ith the facts in th a t, am ong other 
th ings, they  do not take into account the heat absorbed by the 
in terna l m olecular work, which, moreover, varies w ith the 
substance employed. T aking, for instance, Lord K elv in’s 
postulate th a t “ I t  is impossible, by means of a m achine, to 
produce m echanical work w ith a given stuff by cooling this 
stuff below am bient tem peratu re .”  This is now seen to be 
incorrect, since a compressed-air m otor will produce m echan
ical work w ith an exhaust a t a tem perature of — 140° C. Lord 
K elv in’s postulate could be correctly stated as follows : “ Any 
na tu ra l phenomenon, chemical or physical, occurs in such a 
way th a t the sum of the entropies of the bodies concerned is in 
creased. In  the lim it case of reversible phenom ena, th is sum 
rem ains a constant q u an tity .”  This conception th a t the to tal 
entropy cannot decrease is a true  expression of K elv in’s law. 
I f  it were possible to produce work by cooling stuff below the 
am bient tem perature, its entropy would decrease w ithout any 
corresponding increase of the entropy of any other stuff. 
Conversely, if  we adm it th a t  i t  is impossible to convey heat 
from  a cold body to a warm one, then, obviously, the entropy 
cannot decrease.

D uring  ad iabatic expansion, since there is no exchange of 
tem perature, and we assume the phenomenon to be reversible, 
the entropy rem ains constant. The expansion is produced at 
the expense of the heat of the vapour expanding. Supposing 
we let into a steam engine cylinder carbonic acid gas at a 
pressure of 22 kg. per square centim etre, and a tem perature of

N O T E S. 291



292 N O TES.

■—10° C., and let it expand adiabatically , according to K elvin’s 
law, the piston should not move. B ut, in  point of fact, i t  will 
move u n til the pressure inside the cylinder reaches th a t of the 
atm osphere, by which tim e the tem perature of the vapour will 
have reached— 79° C.

A sim ilar argum ent m ay be applied to Jo u le ’s principle of 
the mechanical equivalent of heat. Joule stated th a t there is 
a definite relation  between the work produced and the 
heat absorbed, and vice versa. B ut if we take into 
account the in terna l m olecular work, the principle needs mo
dification, and, moreover, th is quan tity  will vary  w ith  the 
nature of the substance, which is again contrary to Jo u le ’s 
principle. W hen a gas is compressed, the heat produced is 
g reater than  the equivalent of the work put in  by an am ount 
th a t corresponds to in terna l molecular reaction at the expense 
of the in trinsic in terna l energy of the substance and, conversely, 
on expansion, this in ternal action will result in  a greater absorp
tion of heat th an  corresponds to the work produced. I t  has 
been proposed, therefore, to modify Jo u le ’s principle as 
fo llow s:— "  W hen a gas is compressed or expanded the heat 
produced or absorbed is equal to the sum of the calorific equiv
alents of the external and in terna l work. The heat developed 
during  compression or absorbed during  expansion varies ac
cording to the nature of the gas.”

Carnot’s P rincip le .—The real crux of the m atter is reached 
when we examine Carnot’s fundam ental law, and it is here 
th a t the whole question of low-tem perature cycles and the 
utilisation  of am bient tem perature resolves itself.

Carnot states th a t the ratio  between the m axim um  quan tity  
of heat utilised, Q— q, and the quan tity  Q drawn from the 
source of heat, does not depend on the nature of the substance, 
bu t merely on the tem perature of the hot source and th a t of 
the cold body to which heat is rejected. The efficiency of a heat

engine is based on this conception, ^   ̂  ̂ According

to recent ideas this is incorrect. In  the first place, i t  is wrong 
to compare the heat absorbed by expansion w ith the to ta l heat 
removed from the source. The tru e  efficiency is the ratio  be
tween the heat utilised and the heat absorbed. The error arises 
from the assum ption th a t the heat “  rejected ”  to the cold 
body is lost, whereas in  reality  it is a po tential source of power. 
T aking as a concrete example the case of a steam  engine for
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1 H .P ., absorbing 6,000 calories from the boiler, and re jecting
5,000 calories to the condenser.

According to Carnot’s law, the efficiency would be 
6,000— 5,000 . ,, . . 632

6 ,0 0 0  =  °  l b ’ " ’hereaS  r e a ' lv  1118 1 ,000  =  °  6 '3 '

Moreover, according to Carnot’s law the efficiency varies 
w ith  the in itia l tem perature of the cycle. W hen a gas is ex
panded ad iabatically  the work produced is

T =  A c ( t1 -  t2),
where A is the m echanical equivalent of work, c the specific 
heat of the gas, t 1 the in itia l tem perature, and t 2 the final 
tem perature. The work depends, therefore, in the case of a 
gas on the tem perature drop, bu t is independent of the in itia l 
tem perature. L et us consider, for instance, the case of a cycle 
to be obtained w ith a ir  between 30° C. and 0° C. From

T— tCarnot’s law, the maximum efficiency would be R =  ^  - 

30 0'099 (absolute temperature).300
Now, the specific heat of a ir  is 0168 calorie. The heat re

quired to raise 1 kg. of a ir from 0° to 30° C. will be 30 x 0168 
=  5-04 calories (constant volume). The final pressure w ill be 
1 + (0-0037 x 30) or l ' l l l  atm osphere or 1-148 kg. per square 
cm. I f  the  a ir is allowed to expand ad iabatically  u n til the 
orig inal tem perature is reached, the work produced will be

n r _  t> (t— ti) _  29-27 x 30 
Y— 1 041

that is, 2,141 kg. ms., or 5'04 calories. The efficiency will be

r !!t’ or unity instead of 0-099.5-04 J
I f  the same cycle is reproduced for various tem peratures, 

the result w ill be the same, and one m ust conclude th a t w ith a 
gas the therm al efficiency is equal to u n ity  and independent of 
the in itia l tem perature of the cycle.

Practical A pplications .— In  order to u tilise low -tem perature 
cycles on a commercial basis the following principles m ust be 
a p p lie d :— (1) Some such substance as carbonic acid m ust be 
vaporised by means of the am bient heat instead of hea ting  it 
by  fuel combustion, and (2) the substance, once vaporised, 
m ust be condensed.
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The second point is the whole difficulty of the p rob lem ; the 
cycle must be closed and the substance liquefied ready fo r 
fu rther evaporation.

The evaporation can be obtained by means of a tu b u la r  
“ b o i le r”  immersed in  the surrounding atm osphere. The 
vapour thus produced is then  allowed to expand in the cylinder 
of a suitable engine, and the expanded vapour m ust then be 
condensed for the cycle to be closed. I t  is a t th is point th a t 
the modification of the laws of therm odynam ics become signi
ficant.

The whole principle of low-tem perature cycles rests on th e  
following s ta tem en t: A vapour m ay be condensed by absorp
tion of heat, and this absorption of heat m ay be brought 
about by the production o f work. The methods th a t have been 
so fa r successful have not reached the industrial stage, bu t they 
are technically  true and correct, and however inefficient, it  is 
now proved th a t work can be produced and, incidentally  cold, 
w ithout any fuel expenditure whatsoever.

The principle is as follow s: The engine operates w ith  ad ia
batic expansion and p artia l consequent condensation of the 
vapour, which is then drained off and returned to the evapor
ator. The rem aining vapour is compressed on the re tu rn  
stroke and \ised in  the following expansion w ith the addition 
of the vapour obtained from the previous condensation. Theo
retically , the work during compression is 0176 of th a t during  
expansion, but practically , owing to m echanical losses, th is is 
not correct. I f  the to tal efficiency of the compressor is 80%, 
the motor will produce 0 '8 0 - 0-76= 4% of actual power. 
That is to say, if the compressor is rated  a t 1 H .P . the 
power available will be 004 H .P . U nder such condi
tions, and w ith a perfectly constructed machine, the boiler 
evaporator, if  placed in  a confined space, w ill produce cold 
w ithout any exterior source of power and produce enough 
energy to supply the auxiliary- requirem ents of a re frigerating  
p lan t.

I f  a vapour is ad iabatically  expanded, we will obtain a 
p artia l condensation th a t is sufficient to ensure a complete 
cycle. Such a cycle has been patented by Prof. G uarin i. The 
cycle, then , consists of the following stages: —

(1) Saturated  vapour at— 10° C. is introduced into the 
cylinder.
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(2) The vapour is allowed to expand ad iabatically  up to the 
extrem e a ttainab le lim it. A fter th is, the condensed liquid  is. 
drained off.

(3) The rem aining vapour is compressed in  the cylinder on 
the re tu rn  stroke and the condensate is re turned  to the boiler 
for readm ission to the cylinder.

I t  has been found th a t under the most unfavourable condi
tions the condensation am ounts to 22%. There rem ains, 
therefore, a difference of 22% between the  motive power and 
the work of compression, which represents 1'514 kg. m eter p e r 
kilogram m e of carbonic acid gas expanded.

Conclusions.— The conclusions th a t have been draw n from 
research along these lines m ay be summed up as follows. Am 
bient heat can be utilised by means of a re frig era tin g  engine 
when the hot source is a t a tem perature such th a t condensa
tion can be brought about by means of cold water. B u t cycles 
based on the direct u tilisation  of the sun’s heat or on the 
u tilisation  of heat accum ulated in  w ater, etc., are not always 
available, and are bu t a p artia l solution of the problem . Low- 
tem perature cycles based on the adiabatic vaporisation of vola
tile liquids, or on the ad iabatic expansion of the vapours of 
such liquids are possible both from the therm odynam ics and 
practical points of view although they have not yet reached the- 
stage of industrial realisation.

The most complete and most economical solution of the 
problem of u tilis in g  am bient heat for power production sim ul
taneously w ith cold production, the la tte r  w ithout absorption 
of power, lies in  the realisation of re frig era tin g  low-tempera- 
tu re cycles applied to the condensation of vapours exh au stin g  
from re frig era tin g  m achines working w ith  volatile liquids. 
Such a cycle* has been briefly described in  th is  a r tic le ; i t  is as 
yet im perfect, bu t however paradoxical it m ay seem, i t  works. 
Machines of th is type have been b u ilt and operated in labora
tories, and it is m erely a question of tim e and fu rth e r research 
before the low -tem perature cycle becomes an industria l fa it 
accompli.

From  “ The Power E n g in e e r”  of O ctober: —
T a m e d  T h e r m o d y n a m i c s . T h e  E l e m e n t s  o f  t h e  s u b j e c t

ARE C O N SID ERED  FROM  T H E  S IM P L E S T  P O IN T  OF V IE W .---The word
“ Therm odynam ics”  has p u t a great num ber of people off the- 
study of w hat is really  a very simple science, when only a
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practical knowledge of its fundam ental axioms is required. 
The whole of the theory of therm odynam ics rests on two such 
axioms, better known as the first and second laws, and a clear 
comprehension of these should dispel m uch of the obscurity 
th a t surrounds the subject and remove a num ber of very 
common misconceptions connected w ith the generation and 
application of steam.

The trouble w ith these principles is th e ir very s im p lic ity ; 
in  order to keep them  on a p ar w ith  the more in trica te  m athe
m atical aspects of the problem, they have been stated in  such 
a form th a t the truism s they contain are veiled by the use of a 
phraseology such th a t the average student gets out of his depth 
at the very start. This is im m ediately followed by an outbreak 
of differential calculus and the non-m athem atical reader closes 
the book in  despair. I f  would-be students could only realise 
the childish sim plicity of the calculus, th ings would not be 
so bad, bu t u n til th is fact has been recognised, we must 
try  and express the fundam ental principles involved w ithout 
m entioning its dreaded name.

W ork and H ea t.— The term  “  heat engine ”  is vague and 
conveys little .m ean ing  to the average reader, and we prefer to 
state the object of therm odynam ics as the study of the best way 
in  which we m ay obtain work from heat. Both work and heat 
are m anifestations of energy , bu t w hat we require is mechanical 
energy, i.e ., som ething th a t will do work. H eat is produced 
by the combustion of fuel, and the heat engine is a device for 
converting this heat energy into m echanical energy or work.

All readers are fam iliar w ith the reverse process, or conver
sion of m echanical energy into h e a t ; indeed, they are probably 
constantly doing th e ir best to avoid its occurrence. M echanical 
energy is converted into heat, and consequently lost, or wasted, 
by friction. W e are not interested in the conversion of me
chanical energy into heat, since the form er is im m ediately 
available to do work, whereas the la tte r, although it is still 
energy, is a step fu rth e r removed and not available w ithout 
reconversion.

M echanical energy is valuable as it  s ta n d s ; we have in fact 
o rig inally  obtained it by conversion from heat, in  some form 
of prim e-m over, and we are not prepared to let any of it slip 
back again to its form er state.

The F irst L a w .— This possibility of converting one form of 
energy into another, work into heat, or heat into work, is a 
very im portan t one, and constitutes w hat is known as the first
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law of therm odynam ics, which states th a t there is a definite 
relation  between the am ount of heat expended and the  am ount 
of work produced in the process, or between the am ount of 
m echanical energy lost and the am ount of heat produced in  the 
reverse process.

There is no thing m ysterious or com plicated about th is la w ; 
it  is quite simple and obvious. I f ,  for instance, we consider 
a bearing w hich is heating  for any reason, we should expect a 
decrease in  the efficiency of our m achinery which would be pro
portional to the am ount of heat developed in  the bearing. The 
reverse case is equally obvious, the am ount of work we can 
get from a steam engine, for instance, m ust depend on the 
am ount of coal we burn  under the boiler, th a t is, on the amount 
of heat available for conversion into work. In  o ther words, 
an am ount of heat converted corresponds to a certain  am ount 
of work produced, and rice versa; an am ount of work con
verted, by fric tion for instance, corresponds to an am ount of 
heat produced. This relation is known as the m echanical 
equivalent of heat, or Jo u le ’s equivalent, from the name of the 
scientist who first measured it experim entally .

The first law of therm odynam ics, therefore, te lls .us th a t  we 
m ay obtain a certain  definite proportion of energy in  the form 
which we call m echanical energy from a certain  given am ount 
of energy in the form of heat, or sim ilarly , heat energy from  
m echanical energy. In  other words, we can get heat to do 
work, and by doing work we can produce heat, and moreover, 
we get a definite am ount of work in exchange for a given 
am ount of work, and a definite am ount of work in  exchange 
for a given am ount of heat.

The Second L a w .— So far, we have only considered quantities 
or am ounts of heat, which are expressed, as we know, in  
therm al 'units. B ut there is yet another consideration, the 
tem perature. Our heat m ay be very hot heat, so to speak, 
or m oderately hot heat, and the tem perature is an all-im portan t 
consideration. This leads us to the second law of therm o
dynam ics. This has been stated in a varie ty  of forms, bu t the 
best way of grasp ing  its true  m eaning is to lead up to it 
gradually . The F rench  scientist, Carnot, who laid  the 
foundations of therm odynam ics, was very fond of sta ting  th is 
second law as fo llow s:— “ One cannot heat an oven w ith snow
balls .”  This statem ent m ay appear absurd at first sigh t, but 
a close exam ination of it will enable us to understand ju st 
w hat is m eant by this second law.
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Snow contains heat, ju st as a mass of m olten m etal does, 
hu t is is unavailable to us in  the case of snow because we cannot 
get it out w ithout first providing a body at a s till lower 
tem perature. In  other words, we can only u tilise such forms 
of heat as are at a tem perature greater than  the am bient or 
surrounding tem perature, for heat can only be abstracted for 
conversion by allowing the tem perature to drop, and obviously 
it m ust have some lower tem perature to which to drop.

*If we took liquid air, for instance, and brought it into con
tact w ith our snowballs, i t  would boil furiously, and work 
could be perform ed in  a suitable en g in e ; the snowballs being 
a t a much higher tem perature th an  liquid  air, heat would be 
transferred  from the form er to the la tte r. B ut we would have 
had to expend energy to produce the cold liquid a ir in  the first 
place, m uch more in  fact than  we could recuperate in  this 
way, and the whole process would result in  an expenditure in 
stead of a production of work. Our heat energy m ust there
fore be at a h igher tem perature th an  the am bient tem perature 
if i t  is to be available for conversion into work, and moreover, 
the efficiency of the conversion will depend on the tem perature 
drop, th a t is, the h igher the in itia l tem perature, and the lower 
the final, the better the efficiency. Taking the ratio  
H eat converted into work
H eat supplied to engine as representing the efficiency of con
version, if this were perfect it  would be equal to u n ity , th a t is, 
the heat converted into work would be exactly equal to the heat 
supplied. In  actual fact it is not so. This perfect efficiency, 
un ity , has to be decreased by a certain  am ount, and clearly the 
sm aller th is decrease, the nearer to perfection, or u n ity , will 
the efficiency become. Now this am ount which has to be 
deducted is itself a ratio , th a t of the in itia l to the final tem 
perature of the “  stuff ”  used in  the engine, w hether it  be 
steam, air, or gas. I t  is

F in a l tem perature.
In itia l tem perature.

W e have ju st seen th a t th is ratio  should be made as small as 
possible for good efficiency. Obviously, th is  can be done in 
two ways, by increasing the in itia l tem peratures, or decreasing 
the final tem perature.

In  the case of a steam  engine, the final tem perature is th a t 
of the condenser, and is therefore sligh tly  above the average

A n in te r e s t in g  d e m o n s t r a t io n  to  w itn e s s .— J .A .
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tem perature of river w ater. In  th is  direction, therefore, we 
find a definite lim it below which we cannot go. Our efforts 
m ust tu rn  to increasing the in itia l tem perature, th a t is, th e  
tem perature a t which the steam  is generated, a t which the heat 
is supplied. H ere, however, we are faced w ith  a fu rth e r diffi
culty . W hen steam and w ater are present sim ultaneously in  a 
vessel, there is a definite relation, though it  is a complex one, 
between the tem perature and the pressure. The more we raise 
the tem perature, the more the pressure rises, and we are soon 
lim ited  in our efforts to increase the in itia l tem perature by 
the  very h igh  pressures involved, these pressures being the 
more difficult to deal w ith  since the tem perature is h igh . T hus, 
the second law of therm odynam ics, which states th a t the effi
ciency of conversion of heat into work depends on the values 
of the in itia l and final heat tem peratures, gives us the explana
tion  of the trend  of modern power-production practice which 
aims at h igh  pressures, and consequently obtains h igh  tem pera
tures. A nother form of this second law which im m ediately 
results from the preceding rem arks, is th a t  heat cannot be con
veyed from one body to another which is a t a h igher tem 
perature.

I t  should be very clearly understood th a t the in itia l tem pera
tu re  referred to is th a t at w hich steam  is generated from  
water. Superheating steam, afte r its generation, adds com
paratively  little  to the dynam ic properties of the s team ; its  
m ain object is to avoid losses through  condensation during  the  
passage of the steam through  pipes and th rough  the engine, 
aud in the case of turbines, to avoid undue erosion of the blades 
th rough the presence of water in the steam.

There are o ther considerations which lim it the efficiency of 
the heat engine. W hen steam or gas is allowed to expand, in  
a cylinder for instance, i t  m ay do so in two different ways. 
I f  the cylinder is properly jacketed, and fa irly  im pervious to 
heat, then , during  expansion, the gas will neither lose nor 
gain  any heat. Such expansion is called adiabatic. D uring  
adiabatic expansion, since the gas cannot draw heat from any 
exterior source, its tem perature drops. In  other words, in  
addition to the energy converted into work by the expansion 
of the gas behind the piston, there will be a definite q u an tity  
of energy lost, or more exactly  degraded, th a t is rendered less 
available for fu rth e r conversion, by the very fact of the gas 
expanding. The other form of expansion is known as iso
therm al. In  th is case, during  expansion, the gas is allowed
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to draw a corresponding am ount of lieat from some hot source, 
and its tem perature consequently rem ains constant during  ex
pansion.

W e are not im m ediately concerned w ith isotherm al expan
sion, the conditions in the steam engine being very nearly 
adiabatic. From  the definition we have given of adiabatic 
expansion it follows th a t the work which a substance does when 
i t  is expanding adiabatically  is all done at the expense of its 
stock of in ternal energy.

I t  follows from the above rem arks th a t the ava ilab ility  of 
heat for transform ation into work depends essentially on the 
range of tem perature th rough  which the heat is let down, from 
th a t of the hot source to th a t of the cold body into which heat 
is ejec ted ; it  is only in v irtue of a difference of tem perature 
between bodies th a t conversion of any part of th e ir heat into 
work is possible. No m echanical effect could be produced from 
heat, however great the am ount of heat present if a ll bodies 
were at a dead level of tem perature. A gain, it is impossible 
to convert the whole of any supply of heat into work because 
i t  is impossible to have a body at the absolute zero of tem pera
tu re  as the “  sink ”  into which heat is rejected.

The following le tte r appeared to “  The M echanical W orld  ”  
of November 4 tli: —

M a t h e m a t i c s  a n d  t h e  E n g i n e e r . — S ir,— There has been 
considerable controversy in the past on the value of a sound 
knowledge of m athem atics to the practical engineer, and it  
would appear to be impossible to present any new aspect of the 
subject w ithout repeating much th a t has already been said. 
I t  is, however, possible, by draw ing on one’s personal experi
ences, to introduce new m aterial and present old facts in  a 
new ligh t. I t  has been the w riter’s privilege to have th rough  
his hands during  the last fifteen years considerable num bers 
of pupils, apprentices, and students, m any of whom presumed 
to a fa ir  knowledge of m athem atics, and it has been in teresting  
to observe the vary ing  degrees of success w ith which they ap
plied this knowledge to ord inary  every-day practical problems.

I t  may be stated a t the outset th a t m athem atics can never 
be a substitu te for sound practical experience, and m athem a
tica l ab ility  alone is almost useless in a modern industrial 
works, and but poorly recompensed.



N O T E S. ,‘301

On the other hand, it should he observed th a t a fa irly  ex
tensive knowledge of the subject is necessary if one is to follow 
in telligen tly  the proceedings of the various engineering in 
stitu tions and societies, and to read the standard  treatises 
which are published from tim e to tim e, together with a system
atic perusal of the curren t engineering periodicals.

I t  is unfortunate th a t the teaching of m athem atics has been 
largely  done by professional m athem aticians and theorists, and 
whilst the results m ay be satisfactory from an exam ination 
point of view, they leave m uch to be desired from  the practical 
standpoint, and it is no doubt largely due to the un in teresting  
way in which th is  subject is usually  introduced th a t it  has be
come the bete noir of the student.

We are all agreed th a t calculation is a very necessary p a rt 
of an engineer’s tra in in g , and 110 m atter how practical his work 
m ay be, he will a t some tim e or another have to fa ll back on 
his own resources in th is  respect. The m ajority  of such cal
culations are, however, of an elem entary natu re , involving 
nothing more th an  m ensuration, the evaluation of form ula, and 
the calculation of simple stresses.

I t  is when we get to the question of design th a t we really  
come to grips w ith the problem, and it is not stressing the  
m atter too fa r to say th a t a thorough knowledge of m athem atics 
is h ighly  desirable if one is to be able to work expeditiously 
and efficiently, but the practical side must always predom inate, 
excepting in the case of research, when the m athem atical and 
scientific sides are, of course, pre-em inent.

It m ight be argued th a t an extensive lite ra tu re  on almost any 
conceivable technical subject is available, and th a t by reference 
to standard  works one m ay gain sufficient inform ation to en
able th e ir meagre knowledge of m athem atics to adapt or tran s
pose the inform ation so gained to suit the problem in hand. 
In  some cases th is m ay be so, bu t it is a practice to be strenu
ously avoided, for apart from the possibility of m isprints— 
m any cases of which have come under the w rite r’s notice— 
there is the additional objection th a t one is working in the 
dark, as certain  conditions may have been assumed in  obtain
ing the given form ula which m ay not apply in the case under 
consideration ; fu rth er, it  is possible to deal more in te lligen tly  
w ith a problem when one is fam ilia r w ith the theory of the 
subject and capable of following the argum ent step by step 
up to the final result.
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A.s an instance we may cite such subjects as the “  w hirling  
speeds of shafts ”  and the “ strength  of ro tating  discs,”  both 
of which are of im portance, due to the tendency to h igher and 
s till h igher speeds. Both these subjects are treated in M orley’s 
' S trength  of M aterials ” very thoroughly, and from tim e to 
tim e in the various engineering journals, and it is essential 
th a t such contributions should be read if one desires to have 
a  thorough understanding of the subject.

W hen considering the question of m athem atics one natu ra lly  
asks what degree of knowledge is necessary, and to th is question 
no direct answer can be given. I t  will obviously depend upon 
one’s natu ral inclination and the u ltim ate aim  in view, bu t it 
may be stated quite definitely th a t a thorough knowledge of 
fundam entals is of far g reater value than  a mere acquaintance 
w ith an extensive syllabus, and this is where our present met
hods of teaching are at fau lt. The average student is not m at
hem atically  inclined, yet he is rushed through a syllabus drawn 
up to comply w ith the requirem ents of certain exam ination 
authorities, who will at the end of the term signify their 
approval, or otherwise, of his work, which in most cases 
means th a t he has dealt w ith a few set questions in a satisfactory 
or unsatisfactory m anner, and in the form er case he will pro
ceed to a more advanced stage. But does success in such cases 
im ply a sound working knowledge of the past term ’s work? In 
most cases it does n o t ! W hat it really  means is th a t the poor 
student has been well and efficiently crammed, th a t th a t last 
m inute revision helped a lot, and that he was perhaps a little  
more fortunate th an  his fellow students with regard to the 
questions su iting  his p articu lar knowledge.

This is exemplified by m any instances which we have all ex
perienced from tim e to tim e when passing on some simple cal
culation to a jun io r who has probably reached the stage of 
m athem atical ab ility  im plied by the study of differential 
equations, and who will produce, in the m ajority  of cases, an 
incorrect answer to our simple question. W h a t has really  
happened is th a t he has acquired a facility  in hand ling  certain 
stereotyped m athem atical expressions, bu t has not had suffi
cient practice in constructing his own problems for other condi
tions.

I t  is now the practice to introduce the elem entary calculus 
a t  a much earlier stage than  previously, and th is is all to the 
good, as a large proportion of th is most useful branch of m athe
m atics is extrem ely simple and of considerable assistance in
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tlie study of kindred subjects, such as therm odynam ics, the 
strengths of m aterials, a lte rn a tin g  currents, and hydraulics. 
I t  would appear to be a better way of in troducing the technical 
s tudent to such expressions as the “  radius of gyration  ”  and 
“ moment of in e rtia ,”  and he will find th a t a sound grounding 
in m athem atics w ill enable him  to understand the underly ing  
principles of m uch th a t he will have to learn , and will enable 
him  to check and, if necessary, deduce expressions which would 
otherwise m ystify  him .

A part from its in trinsic  and obvious value, the study of 
m athem atics constitutes a very fine tra in in g , inasm uch as it 
develops the power for logical reasoning, careful and 
m ethodical work. Loose th in k in g  and slip-shod methods will 
never make a m athem atician , and for th is  reason alone is its 
studv worth while.

W . S.
London, October 26th.

The Duke of Montrose advocated some m onths ago a closer 
com bination and fellowship between engineering and ship
build ing  firms w ith a view to a co-operative study of the ways 
and means which m ight be adopted to reduce costs on output 
both on the commercial side and on the workshop.

Sir A lfred Mond advocated a sim ilar line of thought and 
action, and the following shows th a t the opinions have gained 
ground and brought forth  a course of action term ed R ational
isation of In d u stria l P ro jects: —

*The following is from “ System, the Magazine of Business ” 
for November, 1927: —

A new industria l policy th a t is visualised by S ir A lfred 
Mond, the head of the great com bination, Im peria l Chemical 
Industries, L td . In  u rg in g  it in  October “  System , The 
M agazine of Business,”  he described its evolution under three 
head ings: (1) A m algam ation—of sm aller industria l un its into 
huge com binations; (2) R ationalisation— the fu ll application 
of science and scientific method to in d u stry ; (3) Im peria l Eco
nomic U nion— to counter foreign cartels and trusts operating 
against G reater B rita in .

S ir A lfred’s artic le has aroused enormous in terest. R epre
sentative views are here expressed by business leaders.

Am algam ation justified , I f — (Sir W illiam  P lender, B art., 
C .B .E . D eloitte, P lender, Griffiths and Co.).— A m algam ations

* R e p r in te d  b y  c o u r te s y  o f “  B u s in e s s ” -  t h e  J o u r n a l  fo r  t h e  m a n  o f a f f a ir s .—J .A .



3 0 4 N O T E S.

in  the generally accepted m eaning of the word are in  some 
particu lar industries not only desirable, but a necessity if trade 
is to be successfully operated and kept in this country.

The pooling of knowledge and experience, a concentration 
of effort, the elim ination of waste, and a better and more econo
m ical adaptation and use of p lan t and m achinery must bear 
fru it in  well-devised, properly-organised, and well-adminis- 
tered combinations. Am algam ations w ithout co-operation, 
both of the m anagem ent and of the workmen, cannot achieve 
th e ir object. Unless there be on the p art of all concerned— 
employees as well as employers—mutual trust and confidence, 
the advantages which theoretically  attach  to am algam ations 
will only be very partia lly  realised.

A common purpose to produce the measure of consumptive 
needs, as opposed to unrestricted production, and at as low a 
cost as possible, combined w ith well-directed and active ag
gressive salesm anship, m ust benefit customers, workers and the 
providers of the capital. Am algam ations will then  be justified.

Progression Demands— (Sir W illiam  MacKenzie, G .B .E ., 
K .C ., form erly P resident In d u stria l Court).— I  am in entire 
accord w ith S ir A lfred Mond. Small un its in industry  have 
in  the past been responsible for the development of B ritish  in 
dustries, and no one can look back but w ith adm iration and 
pride at the v ital p art they played in  bu ild ing  up G reater 
B ritain . W e are now in a transition  period. W e see in  pro
gressive industries, w hether at home or abroad, a strong move
m ent towards larger establishm ents, necessitated by the ever- 
changing requirem ents of industry  in  new and improved p lan t, 
in research, in  more enlightened m anagem ent and in  more in 
tensive salesmanship. Large units mean improved conditions 
and better pay for labour, the elim ination of waste and cheaper 
products.

We have w ithin the four corners of G reater B rita in  all the 
raw m aterials necessary for industry . The out-lying parts of 
our Em pire have in  the past been m uch neglected and in  a 
large measure are still aw aiting development. W e have in 
G reater B rita in  a consum ing public steadily increasing and 
capable in tim e of absorbing the bulk of our products. Our 
u ltim ate  aim  should be to make the B ritish  Em pire one eco
nomic un it.

There are m any obstacles in  the way of adopting some such 
scheme, bu t th a t should not daun t u s ; i t  should only be a 
stronger reason for pressing on to achievement.
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Sm aller U n it E fficiency  (T. B irkett, General M anager M id
land E lectric M anufacturing  Co., L td ).— Sir A lfred M ond’s 
vision of a R ationalised Im peria l era of industrialism  is a 
fascinating  one, and there is certain ly  some evidence th a t the 
trend  of social evolution is at present in th a t direction. B ut 
there are other forces at work, and much political propaganda 
rem ains to he done before progress can be said to be definitely 
set in  the direction desired by S ir A lfred Mond and those who 
think w ith him .

A ustralia is pledged to h igh  im port duties,clearly  arranged 
to protect inefficient industries and to keep out of th a t m arket 
the products of more h ighly  developed countries. And when 
protective duties are sufficiently h igh  as to be very near to tal 
p rohibition, B ritish  preference is of small advantage. Canada, 
in spite of a powerful im perial sentim ent, is very largely  under 
the influence of American technical practice and financial in 
terests. South Africa has at present a powerful an ti-B ritish  
elem ent, and thus the present and im m ediate fu tu re does not 
look favourable for the early development of the active Im 
perial complex.

At home, am algam ations and large industrial combines have 
not invariab ly  been successful. In  some cases actual d isin
tegration  has set in.

The predom inance of B rita in  as a m anufacturing  country 
was bu ilt up by the strength  of m any solitary personalities, 
and it is perm itted  for one to wonder w hether the great indus
tria l combines desired by S ir Alfred Mond are quite suited to 
the peculiar genius of B ritish  people. Efficiency is a personal 
v irtue, and there is some doubt whether an era of dictatorship 
would be any more effective in  creating  personal efficiency 
than  the sm aller un its w ith which we in B rita in  are more 
fam iliar.

The doubt is not unm ixed w ith a h au n tin g  fear of a reg i
m ented existence, which m igh t have re-actions on national 
character, not a ltogether desirable. Evolution is a slow pro
cess, and it m ay well be, th a t u ltim ate  fitness to survive, may 
be found in the personal element w ith h igh  character and high 
efficiency; which doctrine, although somewhat unfashionable 
a t the moment, is not entirely  w ithout its disciples.

The Combine and O utput A d ju stm en t (J . M. Keynes, C hair
m an, The N ational M utual L ife Assurance Society).— I  agree
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w ith Sir A lfred M ond’s general philosophy of w hat B ritish  
industry  should be to-day, so fa r as the basic industries are 
concerned.

W h en an industry  is a new one, and going ahead a t a great 
pace so th a t p lan t and m achinery and skilled labour have their 
work cut out to keep up w ith dem and, the perplexing problems 
of over-production scarcely arise. A part from the cyclical de
pressions, which were sharp while they lasted b u t were soon 
over, m any of our greatest industries were almost continuously 
in th is stage of development th rough  the nineteenth  century.

Nowadays, the problem of ad justing  output to demand in 
an old-established industry  cannot be avoided even in the most 
go-ahead countries. Some of our industries have learned this 
lesson. Others have not learned it, or are learn ing  it fa r too 
slowly.

I have had some experience lately  of an industry  which has 
signally  failed to solve the problem of potential over-produc- 
tion—the section of the Lancashire cotton industry  which spins 
Am erican cotton. S ir A lfred Mond writes as the head of an 
industry  which has solved it as completely as it  can be solved, 
and has bu ilt up on these foundations one of the most splendidly 
equipped producing organisations in  the world. U nits of 
different size are appropriate to different industries. I do not 
say th a t all industries should im itate the scale of Im perial 
Chemical Industries, L td ., which S ir A lfred Mond tells us is 
a combination of what were orig inally  113 independent firms. 
Indeed, I  am sure th a t there are m any im portant industries in 
which the un it of m axim um  efficiency falls fa r short of this.

But, whether the rig h t u n it is a relatively large or a re la
tively small one, no industry  to-day can afford to neglect alto
gether the adjustm ent of the capacity to produce to the prob
able scale of consumption— an ad justm ent to be deliberately 
thought out by the industry  coming together as a whole.

I t  m ay be true th a t a g reat combine like Im perial Chemical 
Industries m ight, in conceivable conditions, become a dan
gerous monopoly. There ought to be some suitable m achinery 
for w atching it from th is  point of view.

But as regards efficiency of production and control, which 
is a fte r all an essential ingredient of national success in in
dustry, it  seems to me absolutely undeniable th a t a concern 
like S ir A lfred M ond’s has reached a level which is a very 
great deal h igher than  the level of those industries which are
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still trv in g  to carry  on witli innum erable small independent 
un its m ainly engaged in try ing  to cut one another’s throats.

The following report of an experience is from “  The E n g i
neer and Iron Trades A dvertiser,” Glasgow, of F ebruary  
21st: —

B r e a k d o w n  t h r o u g h  W a t e r  i n  a n  E n g i n e  C y l i n d e r .  —  
W hen a breakdown occurs through w ater obtain ing access to 
the high-pressure cylinder of an engine, the usual assum ption 
is th a t it has, for some reason or other, been carried over w ith 
the steam, but a breakdown recently reported in Vulcan  pre
sented some unusual features. The engine was of the hori
zontal tandem  compound condensing type, the admission valves 
to both cylinders being of the drop type. The accident oc
curred at stopping tim e. The steam was shut off in the usual 
m anner, and the cylinder drain cocks opened, when almost 
im m ediately the smash took place. F ortunately , the damage 
was not extensive, but on exam ination it was found th a t the 
high-pressure front-end admission valve seat was broken, the 
cotter securing the h igh  and low-pressure piston-rods was 
sheared and the m ain crosshead cotter slightly  bent. On in 
investigation it was found th a t the drains from the high-pres
sure cylinder had an outlet in the v icin ity  of a pond, and th a t, 
owing to a flood, the water level in th is pond had been raised 
abnorm ally and had completely submerged the free end of the 
drain pipe. Consequently, as soon as the engine stop valve 
was closed and the cylinder dra in  cocks opened, a vacuum  was 
created in the pipes, and water was thus drawn from the pond 
into the cylinder, instead of d ra in ing  from the cylinder into 
the pond.

At the A nnual D inner of the Glasgow U niversity  Club, 
London, held on May 25 th r S ir Donald M acAlister, K .B .E ., 
M .D ., L L .D ., the P rincipal of the U niversity , in his address, 
referred  in eulogistic terms to the interest th a t all the heads 
took in the U niversity , its aims and aspirations, encouraging 
all concerned to devote themselves to advance each and all 
sections of the work for the common good. The students bad 
en thusiastically  taken up the work and followed the course 
w ith  sp irit, m anifesting th e ir desire to pave the  ways leading 
to the different fields. In  th e ir loyal and generous co-opera
tion  they had learned lessons o ther th an  set lectures could
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teach them  about conduct of practical business, the han d lin g  
of men, and the team  method of working together harm oniously 
for a common end.

The attention of all on the roll of membership is directed 
specially to the invitation  to contribute Papers for reading at 
meetings, contributions from experience or Essays on set sub
jects for Awards. Those who gave capital sums for the ap
portioning of awards did so in appreciation of the good which 
would be gained by the w riters who com m itted th e ir views to 
w riting , and in doing so, discovered weaknesses and wants 
which called for m ental exercise and investigation on their 
part, thus leading to advancem ent in know ledge and 
experience.—J.A.

In  the ‘ M arine Jo u rn a l,”  New York, of M arch 1st, there 
is a descriptive article on an in ternal combustion boiler fo r 
which economy and adap tab ility  in regard  to steam engines— 
land and m arine— is claimed. A sample boiler is in  course of 
m anufacture for testing w ith a trip le  expansion engine, the 
test carried out on a sm aller sample having proved satisfactory. 
I t  is fu rther proposed to install one in a tugboat capable of sup
plying steam for 1,000 H .P . The boiler is stated to be of lig h t 
construction, about '5 of the weight of the Scotch— 3 tons 
is given as the weight of the 1,000 I I .P . one, and to be readily  
placed in the engine room of a ship, where it would occupy 
much less room than  the ordinary type, added to which, as 
the economy claimed brings the steam engine fitted w ith it 
to a higher ratio for economical service th an  the in terna l com
bustion engine, the tests will be in teresting to watch the re
sults. As several members have been interested in the in ternal 
combustion boiler of the B runler type, attention is directed to 
the American one. The inventor is A. Schwartz, In tern a l Com
bustion Boiler Corp., IT.S.A.

The following is from the “  F oundry Trade Jou rna l ” of 
M arch 15 th : —

F a t h e r  o f  t h e  I r o n  T r a d e .  B i c e n t e n a r y  o f  G r e a t  I n 
d u s t r i a l  F i g u r e .  B v  T .  B . Fow ler.— No m an, it is safe to 
say, contributed more to the great industria l development a t
tendan t upon the im provem ent of the processes of m anufactur
ing iron th an  John  W ilkinson, whose b icentenary occurs this 
year.
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Ju s tly  called “  The G reat Ironm aster,”  says Smiles, and 
“ The Father of the Iron Trade,” standing head and shoulders 
above the m ajority  of his contem poraries in m echanical acumen 
and practical inventiveness, he was beyond all question one of 
the most conspicuous industria l figures of his day.

He was closely linked to B irm ingham  by fam ily as well as by 
business associations. H is sister, M ary, was the wife of Dr. 
Joseph P riestley , the famous scientist, and it is recorded as 
one of the redeem ing features of an adam antine character, re 
lieved by few glimpses of hum an softness, th a t when P riestley ’s 
property  was destroyed in  the B irm ingham  riots, W ilkinson 
came forw ard w ith substantial assistance for his brother-in- 
law. F o r upwards of tw enty years he was identified w ith  the 
grow th of Boulton and W a tt’s engineering business a t Soho. 
He not only contributed castings of a better quality  th an  could 
be obtained elsewdiere, b u t it was his discovery of an improved 
apparatus for boring cylinders th a t helped W a tt to overcome 
the final difficulties th a t had prevented h im  from perfecting 
his invention.

N eighbours’ Prophecies.— Never throughout his life bad 
W ilkinson any profound respect for orthodoxy. The very cir
cumstances of his b irth  a t C lifton, Cum berland, in 1728 were 
unusual. H is fa ther, Isaac W ilkinson, him self a skilled iron
worker of keen discernm ent, a t the tim e kept a small farm , and 
John  was actually  born in a common m arket cart used by his 
m other for tak ing  the produce to a neighbouring m arket. The 
event, we are told, caused no little  sensation, am ong the simple- 
m inded people of the locality , and more th an  one prophetically  
said th a t “  John  sum tym e wod bee a g irt m an .”

Schooled first in the academ y of Dr. Caleb R otherham , at 
K endal, and la te r in the forges of his fa ther at Blackbarrow, 
near Furness, and at W ilson House, near L indale, in Cartm el, 
W ilkinson, when little  more th an  tw enty, following the failure 
of his fa th e r’s last venture, set out to make a business career 
for him self.

He found em ploym ent a t W olverham pton. Then he became 
m anager for the New W illey  Company a t Broseley, near Coal- 
brookdale. F u ll of eager am bition, th ru s tfu l and charged with 
dynam ic energy, a g rim , determ ined m an w-ho made lig h t of 
obstacles, he had by 1763 gained sole control of the works. 
Seven years la te r he set up a furnace at B radley, near B ilston, 
and almost sim ultaneously he and his brother, W illiam , secured 
possession of the Bersham  works, near W rexham .
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The incessant wars of the period stim ulated the dem and fo r 
ordnance, and W ilkinson’s discovery of a new method of bor
ing cast-iron cannon, ensuring greater accuracy and effective
ness, enabled him  to outrival all his competitors. Orders for 
howitzers, mortars^, swivels and shells poured in , and the 
works were kept going at top speed.

The furnace a t B radley had ju st been established when 
W a tt’s friend, Small, heard of “  an em inent caster ”  
(W ilkinson) who had “  settled during  the. summer at B ilston ,” 
and it was out of the communications then exchanged th a t 
W ilkinson’s relationships w ith the inventor of the steam engine 
originated.

W ilkinson’s restless tem peram ent was expressed in  repeated 
experim ents. He anticipated  Jam es Beaum ont Neilson, the 
Scottish gas engineer, in exploring the possibilities of the “  hot- 
blast ”  for sm elting the ore and producing the pig-iron. I t  
is exactly a hundred years since Neilson took out his paten t for 
heating the blast by passing it through pipes exposed to the 
flames of subsidiary furnaces before its entry into the sm elting 
furnace. Long before, W ilkinson had experim ented at 
B radley w ith a leather “  gooseneck,”  which connected a blast 
furnace with a cylinder in which the blast was heated. B ut as 
the leather was charred and rendered useless, he abandoned 
the idea, when the substitution of a metal for a leather con
nection would have solved the difficulty.

A gainst th is failu re , however, are to be set m any practical 
achievements of the greatest value. He first applied m ineral 
coal to the sm elting and puddling of iron ore in Staffordshire 
in  place of wood charcoa l; he was one of the first to use the 
engines supplied from Soho, applying them  to the blowing of 
improved bellows at a new forge at B roseley; he was chiefly 
instrum ental in casting the parts for the first iron bridge in 
the country, th a t over the Severn between M adeley and 
B roseley; he bu ilt the first large steam engine in F rance for 
the waterworks at P a r is ; lie brought out a paten t for' m aking 
lead p ip e ; he harnessed steam to the t i l t  ham m er and the 
th resh ing  m ach ine ; and he bu ilt the first iron barge to carry 
castings down the Severn from his works a t Coalbrookdale.

The la tte r innovation seems to have afforded him  particu la r 
satisfaction. W hen the boat was successfully launched he 
wrote : “ I t  answers to my expectations, and it has convinced 
the unbelievers, who were nine hundred and ninety-nine in a 
thousand .”
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Jam es W a tt though t so h igh ly  of the work done a t Coal- 
brookdale th a t in  1784 he sent his son to study there.

B ut W ilkinson was at all times a difficult m an to work w ith. 
He quarrelled b itte rly  w ith  his brother, of whose grow ing 
friendship w ith  the Soho partners he was passionately jealous. 
M atters were not improved in  th is  respect by the m arriage of 
his b ro ther’s daughter to B oulton’s son. “  H is was a dom inat
ing, assertive nature , almost titan tic  in the force of its ele
m ental passions, in  its am bitions, its inflated egotism, and its 
capacity for hatred  and revenge,”  says Thomas S. Ashton in 
his “ Iron  and Steel in  the In d u stria l R evolu tion .”  “  W hen 
differences arose, w hether w ith his rivals, w ith customers or 
w ith employees he was relentless in his bitterness and blind to 
all consequences.”

To do him  justice he was perfectly  conscious of his own de- 
ficiences. “  Peace is a most desirable th in g ,”  he once wrote 
to one of his friends, “  and the more so to one of my constitu
tion , who cannot be angry  by halves. R esentm ent w ith  me 
becomes a m atter of business and stim ulates to action beyond 
any profit.”

I t  was th is hot, overm astering and tem pestuous sp irit th a t 
led to the complete rup tu re  of his relations w ith Soho. He had 
conceived quite exaggerated ideas of the indispensability  of the 
p art he had played in  the perfection of the steam engine, and 
presum ing on th is, and upon a concession, g ranted to h im  at 
his own urgent request, to make the a ll-im portan t “ nozzles ”  
at Bersham , he did not scruple to in fringe W a tt’s patents in 
wholesale and barefaced fashion.

H ad genial M atthew  Boulton had his way an eleventh-hour 
peace would have been patched up, bu t W ilk inson’s in trac t
able conduct rendered th is impossible, and, like o ther pirates, 
he had to pay the penalty . B ut he never forgot or forgave 
the hum iliation he had suffered. He exhibited his rancour 
in  the closing of the works a t Bersham  and the dismissal of the 
employees, thus cutting off the supplies of cylinders for Soho.

Undism ayed, Boiilton and W a tt determ ined to undertake 
the casting and boring of their own engine parts, and w ith 
the im m ediate erection of the Smethwick F oundry  they  en
tered the ranks of constructive as well as consultant engineers.

W ilkinson combined farm ing  w ith  o ther interests, and is 
said to have run  a five-hundred acre farm  a t Brymbo, near 
W rexham , w ith success. To other personal idiosyncrasies he
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added tlie reputation of being an atheist and disciple of Tom 
Payne, and in Staffordshire, Shropshire, and 011 the W elsh 
border his fame was sung in  m any a quain t piece of native 
doggerel.

He was a profound believer in  iron, and as one who helped to 
lay the foundations of a new era in the industry , there was 
som ething entirely  fitting  in the fact th a t when he died at 
B radley 011 Ju ly  14th, 1808, he should be buried in an iron 
coffin.

The circum stances attending- his in ternm ent were no less re
m arkable th an  those associated w ith his b irth . H e was buried  
four times, and one of the men engaged in the work used to say 
th a t he buried John  W ilkinson four times and disinterred him  
thrice. He was first in terred  at his seat of Castleford, near 
U lverston, but his rem ains found th e ir final resting-place 
w ithin the church at L indale, am idst scenes fam ilia r to him  
in his youth and early manhood.

[W ilkinson m ust have travelled abroad considerably, be
cause we have encountered souvenirs of his industry  at the 
works of Schneider et Cie, a t Les Creusot, and again at the 
Decazeville W orks (in the very South of France), of the Com- 
m entry Fourcham bault concern.— E d i t o r . ]

M a l l e a b l e  I r o n  F i t t i n g s .— Records showed th a t iron pipes 
were first used for conveying coal gas about 100 years ago, and 
th a t w ith th e ir use came the need for various angle and branch 
fittings, said M r .  II . R . H iscott a t a m eeting of the In s titu 
tion of H eating  and V entila ting  Engineers, held a t Caxton 
H all, W estm inster, S .W .l, on M arch 7th.

These, he continued, were made from bent tubes or from 
pieces of plate cut, forged to shape and welded. W ith  the pro
gress of casting methods it was possible to produce a m uch 
larger variety  of fittings, but owing to the lack of ductility  of 
ordinary  grev iron castings, due to the h igh  carbon-content, 
research was carried out to provide a specially constituted iron 
for m alleablising, in which the carbon was almost wholly 
“  com bined.”  This research on malleable iron took a con
siderable am ount of tim e, bu t there exist to-day high-grade 
m alleable iron fittings which can quite safely hold th e ir own 
w ithin  certain  lim its, w'hich, by reason of th e ir cleanness of 
finish and accuracy of screwing, s treng th  and other physical 
properties, are well suited to the engineer’s requirem ents for 
general use and also heat and pressure.
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In  his in teresting paper, Mr. H iscott gave a general descrip
tion of the processes through which a m alleable iron fitting  had 
to pass between its raw and finished states, including  tbe an
nealing process on which the m alleability  of the fitting  de
pends. In  the operation of screw ing, accurate fitting  demanded 
th a t all outlets should not only be screwed to perfect gauge 
diam eter to make satisfactory jo in ts, but connections made w ith  
them  should be perfectly  square and in line w ith the fitting. 
Constant testing  during  operation was essential to provide 
fittings which under tensile stress showed from 45,000 to
56,000 lbs. per square inch. On the question of cost they  now 
compared with w rought iron, gas and steam qualities.

“ The B ritish  Legion J o u rn a l” of M arch contains m any 
contributions from different sources as to the fine personality 
of the late E ield  M arshall E arl H aig  of Bemersyde. The t r i 
butes paid to him  bv contributors w^ho knew him  and the 
work he had done during  the war and since, in endeavouring 
to help ex-Arm y men, are w orthy of h istoric note, and they  
are fitting ly  recorded in the magazine of the B ritish  Legion, 
of which he ivas President.—J.A .

The following is from “ The S hipbuild ing and S hipping  
Record ”  of A pril 5 th : —

C a v i t a t i o n  i n  S c r e w  P r o p e l l e r s . — The im portance of in 
vestigations into this phenomenon cannot be overestim ated, for, 
apart from the effect pronounced cavitation has on the power 
and speed of ships, its presence accounts for the very serious 
erosion observed on the propellers of m any ships now in com
mission. Occasionally, it has been found necessary to dry- 
dock vessels shortly  afte r th e ir having been placed on service, 
and builders have been astonished at the condition of the 
screws th rough  the baneful action of cavitation. Mr. T u tin ’s 
paper on th is subject, read a t the recent I .N .A . meetings, sug
gests a method of predicting its presence in any particu la r case. 
W hen th is subject was brought before the sh ipbuild ing  world 
very high-speed# ships were com paratively rare  and the late 
Mr. B arnaby was surprised at the perform ances of the D aring  
and the peculiar features of her tria ls. He arrived at the 
conclusion th a t the lim ita tion  of th ru s t pressures was the 
proper method of obviating the appearance of cavitation , and, 
w ithin lim its, his suggestions are practically  sound. In  m any 
cases, however, it is evident th a t cavitation is tak ing  place
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even when the pressures are well below the lim its accepted. 
The theory put forward by Mr. Tutin may help in such cases. 
Unfortunately, it may be the case that the very high powers 
now being put through screws with high rotational velocities 
simply cannot avoid the zones which bring about excessive 
erosion. Up to the present time the ability to overcome this 
difficulty has not been made evident.

The following are from “ The Electrical R eview ” of April 
6th : : —

E l e c t r i c  P r o p u l s i o n  o f  S h i p s .— In a paper he recently 
read before the Rugby Engineering Society, Mr. W . J. Belsey, 
M .I.N .A ., dealt with the electric transmission of power for 
propelling ships. He emphasised the fact that practically all 
recent vessels, whether propelled by steam or internal combus
tion engines, depended on the reliability of electrical machinery 
for their operation, and machines on which the safety and 
running of the ship depended, such as steering gear, scavenge 
blowers, circtilating and lubricating pumps, etc., were driven 
electrically. Therefore, if its reliability was accepted for 
those vital duties, why not for the main propulsion where the 
machinery was of large capacity and therefore much easier 
to insulate and make reliable than was the case with smaller 
electrical machines? He believed that there were very many 
types of vessel where electric transmission could be used with  
very great advantage on account of its extreme flexibility both 
in operation and in location.

L i q u i d  F u e l  f r o m  C o a l .— At a recent meeting of the Diesel 
Engine Users’ Association, Mr. David Brownlie read a paper 
on the above subject, in which he dealt in detail with its im
portance from a national standpoint, stating that the produc
tion of liquid fuel from bituminous coal and other carbonaceous 
material was a vital matter to those in Great Britain who were 
connected directly or indirectly with the development of the 
Diesel engine, either as stationary power plant or for locomo
tive purposes. Instead of selling British coal at ridiculous 
prices, it would become compulsory to treat tlie coal on scien
tific lines, including the production of liquid fuel. The author 
made a brief reference to some 30 of the more important low- 
temperature processes that at the present time actually had 
large scale plant in more or less continuous operation. An in 
dication that the time was rapidly becoming ripe for low-tem-
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peratu re carbonisation was the rem arkable advance made d u r
ing  the past few years in  pulverised-fuel firing, the solid car
bonised product from any process being em inently  suitable for 
tb is method of furnace operation.

P u l v e r i s e d  F u e l . — Comments have been made regard ing  
possible danger arising  from spontaneous combustion and the 
necessity of arrang ing  for the carriage of the fuel in  safe
guarded compartments, apropos of which attention is directed to 
the following letter from “ The Journal of Commerce Engineering 
Supplem ent” of May 10th: —

P u l v e r i s e d  F u e l . — S ir,— The correspondence on the above 
subject in  your most valuable paper has been most in teresting  
and enlighten ing , and i t  is a subject w ith  g reat possibilities 
in  store, bu t i t  would be unwise to jum p to the  conclusion th a t 
th is system of bu rn ing  coal w ill be a panacea for the ills and 
discomforts of the coal trade in  the near fu tu re as fa r as 
shipping is concerned.

Even if the efficiency of the system is all th a t  its advocates 
claim , there are other aspects which m ust be considered by 
the shipowner before he will consent to a lte r his existing a r
rangem ents for raising  steam, the benefits and defects of which 
he is fu lly  conversant w ith. “  B etter the devil you know,”  etc.

The bulk of the coal bunkering business is done w ith  cargo 
vessels, most of which trade w ith m any ports in  various parts 
of the world and often do not call a t the same ports on two 
consecutive voyages. The owner, therefore, would require to 
be assured th a t his vessel could bunker pulverised fuel a t a 
reasonable wide range of ports on the prospective voyage, or 
run the risk of serious delays and expenses. This for the tram p 
steam er would mean th a t a very large num ber of pulverised 
fuel p lants would have to be installed throughout the ports of 
the world ; otherwise the pulverised fuel system on board would 
curta il the sh ip ’s sphere of work or cram p its style, as our 
golfers would say. I t  would seem th a t a considerable tim e 
m ust elapse before th is eventuates.

A gain, the bunkering of pulverised fuel is likened to oil 
fuel, bu t i t  is obvious th a t  double-bottom tanks are no suitable 
places for stowing pulverised fuel, though freely used for oil 
fuel. Also, it  is stated th a t by fluffing the bunkers wdth inert 
gas from the sh ip ’s funnel all risk of spontaneous combustion
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is elim inated, but it remains to be seen what view underw riters 
would take of th is if the system became g en e ra l; and an owner 
must carefully  avoid incurring  increased insurance premiums.

A lternatively, if the ship carried her own pulversing p lan t, 
and so renders herself independent of shore supplies of pu l
verised fuel, there is the weight and space occupied by the 
p lan t to be considered, and consequent reduction of cargo capa
city and earning power, in  addition to the heavy in itia l 
expense. There must undoubtedly be heavy wear and tear on 
m achinery dealing w ith such g ritty  m aterial, and in order to 
avoid serious delays due to breakdowns and replacem ents of 
worn parts it would be necessary to carry  duplicate m achines 
and a host of spare parts, the cost of which would make the 
scheme prohibitive.

I  do not wish to appear a pessimist, but the above aspects 
will indicate to the optim ists th a t a certain  period of tim e 
m ust elapse under the most favourable circum stances before the 
use of pulverised fuel on board ship can appreciably am eliorate 
the troubles of the coal trade.

Recognising and ven tila ting  the difficulties is surely the 
best way of seeking to overcome them , and the achievem ent of 
the M ercer should inspire the pioneers w ith courage.

Yours, etc.,

T. C u r r i e .
Messrs. F lannery  and Given,

21, W ate r Street, Liverpool.
May 4th, 1928.

From  “ The Tim es,”  May 10th: —
S c i e n c e  a n d  C o a l . — Sir,— Your correspondent Mr. M urray 

S tuart is to be congratulated upon having drawn atten tion  in 
your columns to the all-im portan t question of low-tem perature 
d istillation . T hat there is a big fu tu re  for the industry  is now 
beyond doubt. H is word of w arning, however, to proprietors 
of various processes to give more authentic  guidance to non
technical men and would-be purchasers is certain ly  both 
apropos and timely.

The In s titu te  of Fuel, of whose council I  have the honour 
to be chairm an, is doing great work in the encouragem ent of 
technical and non-technical discussion of the problems of coal
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distilla tion . A t its periodical m eetings im partia l and disin
terested debate is conducted by tbose whose stand ing  in  tbe 
realm  of science and industry  entitles them  to be heard  w ith 
profound respect. The scientific papers and subsequent critical 
analysis to which they  are subjected would narrow  down the 
possibility of error on the p art of purchasers of so-called com
m ercial p lan t, provided th a t those undertak ings sincerely in 
terested in fuel problems would see th a t th e ir own technical 
advisers took advantage of data m ade available to them  by this 
and kindred institu tions.

Then, again, the m erits of' respective processes are much 
more likely to be understood by the public if th e ir proprietors 
would see to it th a t purely  technical differences were first of 
all thrashed out and accepted by th e ir scientific and technical 
men themselves within the milieu of their own societies. The 
B ritish  public has no taste for purely  technical squabbles. I t  
is always anxious to learn about and support new processes 
when they  promise to be of real national value. A little  less 
b ickering about the m erits of one process over another, and 
just a little  more concentration upon the v ita l im portance of 
g e ttin g  the m axim um  value out of our own coal resources, and 
the whole movement will have a great fillip and earn a lasting 
benediction from our countrym en. Those processes which 
cannot stand the strain  of commercial com petition will inevit
ably go under. Time will see to th a t. B u t the public m ust 
understand the  m ain purpose or objective of the systems as a 
whole.

Air. W inston  C hurchill’s B udget has helped more th an  any
th in g  else to en ligh ten  the public m ind as to the objects to 
be achieved by coal d istillation . He did not expatia te upon 
the  m erits of any p articu la r process. Knowing of the vast 
accum ulation of scientific experience in  coal trea tm ent, of the 
great pioneer efforts made by the fuel technologists, and of the 
nearness to a scientific revolution in the coal industry , he cour
ageously proffered real help to all those who have set them 
selves the task of m aking B rita in  less dependent upon im 
ported m otor sp irit. I t  is a fact of which the Chancellor was 
fu lly  aware— nam ely, th a t coal is a source of heavy and ligh t 
oils, and th a t if the claims of science were realised he was 
tak ing  one g reat step forward to re-create the B ritish  coal in 
dustry. I t  was worth while to give small financial assistance 
now in the pain fu l days of trava il. The b irth  will be easier, 
and the babe will have a g reater opportunity  of survival.
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Commercial low -tem perature d istilla tion  comes upon the 
scene at an opportune moment. I f  it  had come earlier it 
m ight not have survived. No scientific discovery is a fa ilu re ; 
the worst th a t can be said of it is th a t the discovery was made 
too soon. I t  comes now, not only to make coal yield up its 
oil, its sp irit, its gas, and leave its bones as semi-coke, bu t at 
a moment when oil and spirit are urgen tly  required, when gas 
can be boosted and pum ped through an undream t-of length  of 
pipe-line, and, above all, when the science and practice of 
combustion have reached a point where the semi-coke residual 
is not only used for steam -raising but demanded in  a pulverised 
or m illed form in the m any powdered-fuel installa tions estab
lished on land, and, we hope, soon to be established in  ships at 
sea as well.

Thus the aim , first, is to conserve every particle of value of 
our great national treasure, coal, to realise its in trinsic  worth, 
to make it yield up its power elements more cheaply and abun
dantly  to our industries. Secondly, the aim  is to in ject the 
red corpuscles of economic health  into our great basic industry , 
coal, and thus create real grounds for hope and prosperity , 
where now exist grey gloom and hopelessness. Thus is our true 
objective stated, and w ith it the  explanation why m any of us 
have diverted our energies from the more tu rbu len t currents 
of activ ity  into this steady stream  of national creative work.

Yours tru ly ,

F r a n k  H o d g e s .
31, Buckingham  Gate, S .W .l.

May 8tli.

From  “  The M achinery M arket ”  of 11th May, 1928: —
T h e  R a t i o n a l i s a t i o n  o f  I n d u s t r y * . — The recent im prove

m ent in trad in g  conditions, welcome though it  is, should not 
be allowed to obscure the difficult problems w ith which some 
sections of industry  are s till faced. These difficulties are* 
m ost prom inent in certain  basic industries, bu t they  are also 
in evidence, in greater or lesser degree, in  a few of the less im 
portan t activities. Broadly speaking, the position is most 
acute in industries which have to bear the fu ll b ru n t of foreign 
com petition, the problem  of m eeting which is, perhaps, one of 
the m ajor issues w ith which B ritish  m anufacturers have to

(* R e p r in te d  f ro m  th e  "  M o n th ly  R e v ie w  ”  o f B a r c la y s  B a n k  L td .)
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deal. In  a num ber of countries abroad costs of production are 
lower than  in  G reat B rita in  owing to lower wages, lig h te r tax a 
tion, and other factors. F or various reasons it is very difficult 
to make an exact comparison of the wage levels in  different 
countries, bu t the following table, although adm itted ly  sub
jec t to m any reservations, offers some approxim ate indication 
of the relative levels of real wages of ad u lt m ale workers in 
certain  occupations and cities : —
T a b l e  s h o w i n g  t h e  R e l a t i v e  R a t e s  o f  H o u r l y  W a g e s  P a id  
t o  W o r k m e n  i n  t h e  v a r io u s  C i t i e s  n a m e d , t r a n s l a t e d  in t o  

U n i t s  o f  F o o d s t u f f s , ( a ) .

(Prepared by In tern a tio n al Labour Office.)

C ity .

Amsterdam
Berlin
Brussels
Copenhagen
D ublin
Lisbon
Lodz
London
M adrid
Ottawa
P hiladelphia
Prague
R iga
Rome
Stockholm
Vienna
W  arsaw

R e la t iv e  re a l  
w a g e s  a s  a t  

O c t .  1st. 19*27.

86
68
50 

107 
106

30
44 

105
57

170
199

52
55
51 
87
45 
42

Even before the war, B ritish  wages were usually  above the 
C ontinental level, and yet we had no great difficulty in  m eeting 
foreign com petition, b u t in all probability  the wage disparity  
is much greater to-day th an  it was in  1913. The com paratively 
low level of production costs on the C ontinent enables m anu
facturers there to quote a ttractive prices for th e ir  products, 
and the problem facing m any B ritish  producers is to decide 
w hat steps can be taken effectively to meet th is  competition. 
To reduce B ritish  wages to the C ontinental level is im practic-

(a) I n  t h e  c a se  o f S to c k h o lm , t h e  f ig u re s  a r e  b a s e d  o n  w a g e s  in  t h e  b u i ld in g ,  f u rn i tu r e -  
m a k in g .  a n i  p r in t in g  in d u s t r ie s  o n ly . F o r  o t h e r  c i t ie s ,  t h e  m e ta l  in d u s t r y  is  a ls o  in c lu d e d .
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able, even if it were desirable. The experience of the U nited  
States sbows tb a t, given certain  essential conditions, high 
wages and commercial prosperity may go band in band. At 
the same tim e, if a high level of wages is not compensated by 
those other factors, its m aintenance will be impossible. I t  is 
not only in wages th a t G reat B rita in  demands a h igher stan
dard than  the Continent, bu t also in  certain  classes of profit, 
in  Government expenditure, and in social services, although 
in  these days, sanitary  and health  adm inistration  cannot be 
said to be more efficient in G reat B rita in  th an  in m any other 
countries. To assume th a t B ritish  origin alone is sufficient to 
sell our goods is to labour under a delusion, especially as in 
actual efficiency we are no longer so far in  advance as pre
viously. This country’s reputation for quality  of production 
and honesty of dealing serves us in good stead, bu t it would be 
very unwise to assume th a t we have a monopoly in  these direc
tions.

There are various possibilities by which B ritish  industry  
may improve its competitive power and the m axim um  success 
in  this direction will only be achieved by tackling  the problem 
from  all angles, bu t perhaps the most substantial results are 
likely to accrue from developing a sane policy of unification 
of interests, which forms p art of tbe rationalisation of industry . 
In  an address delivered to the shareholders of th is bank last 
year Mr. F . C. Goodenough stated th a t “  it  seems to be clear 
th a t in cases where there are sound reasons the am algam ation 
of undertakings identical in character should be capable of 
producing increased efficiency, together w ith economy of ad
m inistration. I  am not suggesting th a t there should be any 
fu rth e r development of a practice which has been too common 
in the past w ith industrial and commercial undertakings, of 
am algam ating such as have only some more or less d istan t 
affinity, but which are really  of diverse character; but I  would 
advocate strongly the am algam ation of like w ith like, w ith the 
above object in view .”

In  some industries the development of a policy of greater 
concentration is necessary in order to keep pace w ith the 
sim ilar movement which, for some years past, has been in 
evidence abroad, while in o ther cases it is necessary to offset 
those disadvantages from which B ritish  industry  suffers as a 
resu lt of lower costs of production elsewhere. A lthough, how
ever, the desirability  of am algam ations m ay be theoretically  
adm itted , the practical difficulties of giving 'effect to them  are
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form idable, evidence of tb is fact being found in tbe slow pro
gress made. Tbe explanation is not fa r to seek. The real 
benefit of a m erger should lie in  the reduction of overhead 
•charges, the concentration of production in  the most efficient 
and modern units, economy in adm inistration  and selling ex
penses, and the scrapping of th a t p a rt of the organisation which 
is found to be redundan t or inefficient. There is, however, a 
n a tu ra l reluctance to take such drastic steps, and a disposition 
to assume th a t a change of fortune is bound to come, the fact 
th a t m any of our post-war difficulties have been due to causes 
beyond our control hav ing  encouraged this attitude . I t  is not 
usually  an a ttractive proposition to dispose of a business at a 
tim e when it is in a state of depression, w ith the consequence 
th a t, however m uch an owner m ay be convinced th a t am algam a
tion is the u ltim ate  solution, he will p refer to w ait a more 
favourable opportunity  for selling his assets. In  addition 
am algam ation and re-organisation often require considerable 
capital, and capital is not readily  secured by a depressed in 
dustry. Not in frequently , therefore, the tendency is to con
centrate upon economies, such as wage reductions; bu t wage 
reductions na tu ra lly  meet w ith resistance from the workers, 
who rig h tly  claim  th a t it  is u n fa ir to expect them  to accept 
reduced standards unless everything possible is being done to 
b ring  the industry  to a state of efficiency. Eactors of th is  kind 
tend to create a position of stalem ate, w ith the consequence th a t 
the re-organisation which, in some directions, is adm ittedly  
desirable, is unduly  delayed. I t  is clear, however, th a t little  
is to be gained by a policy of hoping for the best, even though 
it  is true  th a t certain  factors are working in  our favour. In  
countries like Great B rita in , where the currency was stabilised 
in A pril, 1925, at the pre-w ar parity , the starting-po in t of 
wages and other production costs was above the norm al world 
level, and therefore downward adjustm ents had to be made, 
whereas countries which stabilised by perm anently  w riting  
down the gold value of th e ir currencies usually  commenced 
with wages and production costs below the norm al world-level. 
In  m any European States the stabilisation of currencies has led 
to a marked upw ard tendency in wages and prices, and as th is 
tendency still continues it  is not unlikely  th a t the d isparity  
between B ritish  wages and other costs of production and those 
prevailing  on the C ontinent will tend  to narrow, bu t i t  should 
not be assumed th a t th is movement w ill alone prove sufficient 
to m ain ta in  and improve our existing  standards. The solu
tion seems to lie in  tak ing  every possible step to make B ritish
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industry  super-efficient, irrespective of conditions elsewhere, 
as only by such methods can fu ll prosperity in  th is country be 
expected.' I t  is true th a t such a policy m ay involve parting  
w ith m any preconceived notions and entail considerable in itia l 
sacrifices,“but in  the long run it should greatly  strengthen our 
industria l organisation  and increase our com petitive power in 
the m arkets of the world. On the other hand, if industries 
which cannot effectively compete w ith foreign countries delay 
the necessary measures of re-organisation, they can scarcely 
expect to receive any more th an  the orders which cannot be 
satisfied from other sources of supply, and such a s ta te  of affairs 
m ust, if continued indefinitely, lead to the decay of the in 
dustries in question. D uring the past few years B ritish  in
dustry  has made rem arkable progress from the difficulties' 
caused by the war, while substantial headway has also been 
made in prom oting social measures designed to improve condi
tions for the general body of workers. F u rth e r progress should 
result from the general tendency of B ritish  and Continental 
costs of production to draw closer to each other, but a full 
measure of prosperity can only be obtained by b ring ing  our 
industria l organisation to the highest possible pitch of effi
ciency. -----------

In  “ The Syren and Shipping ”  of June 13th, it is good to 
note, in  memory of him  who has gone, th a t special reference 
is made to the question of nom enclature in connection w ith  the  
In te rn a l Combustion Engine, which was m entioned in a Paper 
read a t the C entenary Celebration Congress of the In s titu tio n  
of Civil Engineers. Both Mr. Geoffrey P o rte r and Prof. 
Hawkes alluded to the pioneer work of the la te  H erbert Akroyd 
S tuart, who unquestionably first conceived and put into effect 
the  idea of the  engine. H e took out a P a te n t for the E ngine 
Cycle 38 years ago and three years la te r Dr. Diesel produced 
an engine which bears his name, he being backed up to an 
ex ten t which carried it th rough, and H . Akroyd S tu a rt’s name 
was not associated w ith the engine in  the public view, although 
credit was due to  him  for in itia tin g  the design. H e died in 
W estern  A ustra lia  F eb ruary  19th, 1927. See M ay Issue, 1927. 
The references made by Mr. P o rte r and Prof. Hawkes em pha
size the im portance of having  a P aper on the subject as soon 
as possible based upon the title  given under the legacy left for 
Awards to be made as per the Notices issued.— -T.A.

The S tudent G raduate E xam ination in A pril was attended by 
16 candidates: Cardiff 1, N ew castle 12, Leyton 2, London 1.
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Seven passed in all subjects and tlie following obtained first 
places in tbe subjects as undernoted, and prizes will be awarded 
to  tbem , books, instrum ents or class fees, according to  choice.

Theoretical Mechanics'. E qual 1st, D. Tag’g (N ew castle), 
L. .J. P . L ively (N ew castle), W . T. Stevenson (L ey ton).

H eat ancl H eat Engines: 1st, 1). T agg.
M achine Construction and D raw ing: E qual 1st, J . H enderson 

(N ew castle), -I. P . R eid (N ew castle), J . 11. T iplady (New
castle ), L. J .  P . L ively (N ew castle), E . 0 .  Stockm an 
(N ew castle).

A p p lied  Mechanics-. 1st, J . Henderson.
Mathematics : 1st, J .  P . Reid.
E nglish : 1st, D. T agg.
Electrical Engineering: 1st, J .  H enderson.
Gross Total M a rks : 1st, 1). Tag'g'.
The Newcastle candidates attended the  K utherford Technical 

College and the Leyton candidates attended  the Leyton Tech
nical In s titu te .

The L loyd’s R eg ister Scholarship E xam ination in May was 
attended  by 16 candidates: Cardiff 2, Crewe 1, Sunderland 2, 
G lasgow 2, E d inburgh  1, N ew castle 8. The three who gained 
h ighest agg reg ate  m arks were J .  1). Pearson, Cardiff; E. 
F oster, Crewe; and T. S. H arker, Sunderland. F u rth e r exam 
ination, conducted by two representatives of L loyd’s R eg ister 
of Shipping and by two representatives of The In s titu te  lias 
been made of the three candidates who attended  a t the In s ti
tu te, and th e ir m erits were carefully  considered before the 
scholarship was aw arded. The R eport of the Board of R epre
sentatives was subm itted  to the Com mittee of L loyd’s R eg ister 
of Shipping and the Scholarship was aw arded to J . D. Pearson.

--------------- — o --------------------

Boiler Exp los ion  Acts

R e p o e t  No. 2868. S. S. Sea forth .

The Seaforth  is a vessel 145ft. long and 349 gross tons, fitted 
with one boiler l i f t .  6ins. diam . x 10ft. 6ins. lo n g ; 2 furnaces 
3ft. 4 5 / 16th ins. diam , shell plates 23/32nd ins. th ick , fu r
naces 21132nds ins. th ick , combustion cham ber back plate 
19/32nds ins., tube plate l in s .,  and the bottom plate 
31 /32nd ins.
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On Ju ly  17th at about 7.30 p.m . when the vessel was en 
route to Pentewan from P ar, an explosion took place in  the 
port furnace. I t  was not violent and it  was possible to keep 
up the w ater level u n til port was reached, when the boiler 
was emptied, and examined. I t  was then found th a t the 
furnace was seriously p itted  in several places on the w ater side 
and wastage on the fire side. Thus leading to a hole through 
which the w ater and steam escaped.

The circum stances were investigated and the report pre
pared by M r. R . Lewis, Board of Trade Surveyor, Falm outh , 
who found th a t in  A pril the boiler was overhauled and re
paired. The port combustion chamber back plate was re in 
forced in  way of one stay e n d ; a short length  of furnace p la t
ing, 12ins. x 3 |in s . was bu ilt up and four rivets in  furnace 
and combustion cham ber jo in t b u ilt over by the electric 
welding process. Jo in ts  of w rapper plate on starboard and 
port sides were caulked, starboard combustion cham ber back 
p late reinforced in  way of one stay and one rivet in flange of 
back plate a t bottom built over, p itted  places in  land ing  
(caulking) edge of furnace e n d ; also short leng th  of landing  
(caulking) edge of furnace p la ting  b u ilt up and two rivets 
in  furnace afterend bottom built over by electric welding pro
cess. S tarboard w rapper cross seam caulked, tak ing  in  joints 
of w rapper and extending up the cham ber back plate and tube 
plate.

I t  had been the custom to em pty and clean the boiler once 
in about three months. This was done at P a r on Ju ly  15th, 
the furnaces being then  scaled as well as tim e would allow. 
The repairs carried out in  A pril evidently did not cover all 
the defects in the plates, and closer observation then  would 
have revealed the defects which led to the explosion and its 
results in delaying the ship. A piece 12ins. long x 36ins. 
circumference was cut out of the bottom of the furnace and 
combustion chamber, and a patch of | i n .  thick steel riveted 
on. The hydraulic test of 160 lbs. per sq. in . was applied 
and proved satisfactory, so also the steam  test.

The observations of M r. Laslet-t, E ngineer Surveyor-in-Chief 
were th a t it appears th a t certain  repairs to the furnaces and 
combustion chambers of the boiler were effected recently, but 
the defective condition of the furnace plate  where the hole 
developed was not noticed at th a t tim e. The case directs a t
ten tion  to the im portance of m aking close’ exam ination of 
boilers and p articu la rly  of those parts where serious wastage 
is likely to occur.
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R e p o r t  No. 2842. S.S. Clydeburn.
This deals w ith an explosion on board of the Clydeburn  on 

December 16th, 1926, when off W icklow Piers. The investiga
tion of the circum stances and preparation of the report were 
made by Mr. J .  H . M organ, Board of T rade Surveyor, N orth 
Shields. The cause of the explosion, which was not of a 
violent nature , was due to a crack about 3ins. long developed 
in an old patch on the bottom of centre combustion cham ber, 
th rough  which contents of the boiler escaped. The crack was 
caused by the plate having  become so th in  by corrosion th a t it 
was unable to w ithstand the pressure in the boiler— 160 lbs.

The boiler, single-ended, 13ft. diam . x 9ft. 6ins. w ith th ree 
p lain  furnaces, 3ft. 5 |in s . diam , was overhauled and a patch 
was fitted to the bottom of centre combustion cham ber prior 
to 1922, on which date the vessel changed owners. In  
F ebruary , 1923, a few rivets in  this combustion cham ber were 
renewed and the w rapper p late welded. In  M arch, 1924, 
rivets and seams were caulked in port and centre furnaces and 
a num ber of tubes expanded. The back of the centre com
bustion cham ber was renewed and the  patch which was m uch 
wasted by corrosion was bu ilt up to the orig inal scantlings. 
The boiler was then tested by hydraulic  pressure. In  M arch, 
1925, one centre combustion cham ber stay was renewed and 
others caulked. Some rivets were caulked and the saddle 
seams of centre and starboard furnaces were also caulked. 
The seams of tube plate and w rapper in  the centre furnace 
were welded in  Sept., 1925. A num ber of tubes were expanded 
and rivets and seams caulked on F ebruary  6th, 1926, and th e  
m anhole doors refitted and 30 tubes expanded in A pril, 1926. 
The p art th a t  gave way was found to be reduced in  1 / 32nd 
inch, and the bottom  plate of the combustion cham ber was 
renewed.

The observations of the E ngineer Surveyor-in-Chief were 
th a t the boiler was 24 years old and owing to wastage of one 
of the plates form ing part of the centre combustion cham ber, 
a large patch  had been fitted a t some tim e previous to 1922. 
A t various tim es la ter, owning to wastage, a process of electric
a lly  bu ild ing  up the plates was resorted to, bu t some parts 
th inned  on the cham ber bottom were overlooked apparently  
and were so reduced th a t about the tim e of the explosion the  
local thickness was only about l/3 2 n d  in . The vessel was 
disabled by reason of the explosion and had to be towed into 
port. I t  is always difficult to exam ine thoroughly  such parts



as these and even more difficult to build  tip the th in n er plate 
in  such a position efficiently. The use of electric welding 
should only be resorted to when the parts can be thoroughly 
exam ined after repair.

----------- o------------

Election of Members .

L ist of those elected a t Council M eeting of !Ju n e  11th, 
1928: —

Members.
Yoshiatsu Akaba, Eng.-Com dr. I .J .N .,  Im peria l Japanese 

Navy, Broadway Court, Broadway, W estm inster, S .W .l.
Percy Robert Brooker, M .B .E ., E n g .-L t., R .N ., 5, Cleave 

Road, G illingham , Kent.
W illiam  Fearon Brown, 5, Craven Road, Addiscombe, Surrey.
Jo h n  George Christie, Anglo Saxon Pet. Co., St. H elen’s 

Court, L eadenhall S treet, E .C.3.
Jo h n  F rancis Cowlin, Surveyors’ D ept., T rin ity  House, Tower 

H ill, E .C .3.
P au l H enry Farm er, A pt., 7, Scarsdale Court, 950, Decarie 

Boulevard, M ontreal, Canada.
F rank  E dgar Mattocks, 140, Westwood Road, Goodinaves, 

Essex.
Duncan Cameron M cM illan, Yamba, 25, Chelmsford Avenue, 

W illoughby, Sydney, N .S .W .
Andrew P au l, c/o  Stewart, 6, Brachelston Street, Greenock.
A lan G rant R ichardson, 65, Eldon Street, Greenock.
John  W illiam  Roche, 22, Lilac Gardens, Low Fell, Gateshead.
W illiam  Thomas R aine Scott, 10, Addison Road, Fairview , 

Dublin.
Jam es Young Shanks, M yrtledene, 24, Ram say Park, 

B roughty F erry , Dundee.
Edm und V ictor Telfer, D .Sc., P h .D ., 11, Chelsea Grove, 

Newcastle-on-Tyne.

Associate Member.

E dw ard R upert E tches, SS. P h ilip  T . Dodge, c lo  Lam bert 
Bros., L td ., 85, G racechurch Street, E .C .3.
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Asosciate.

W alte r R ichard  M oitie, M arine E ngineering  W orks, New 
Street, Guernsey, C .I.

Transferred from  Associate M ember to M ember.

'Cecil F rancis Ivanson B aft, Eerndale, W alton Road, Clacton- 
on-Sea.

George J .  H atch , c /o  John  Swire and Sons, Shanghai, China. 
J .  L . Pedrick, 2, V ictoria Road, M illbay, P lym outh.
Charles E . Peel, S .S .Y . Sea Belle I I ,  Singapore, S.S. 

Transferred from  Associate to M ember.

W illiam  Edw ard M allett, 46, Orchard H ill, Lewisham,
S.E.13.

------------ o------------

Board of Trade  Exam inat ions .
List of Candidates who are reported as having passed examina

tion under the provisions of the Merchant Shipping Acts.
F o r w eek ended 5th M ay, 1928: —

N A M E . G R A D E . P O R T  O P  E X A M IN A T IO N

M iles, H arry l.C .M .E . Southam pton
Cow burn, T hom as H . 2.C. London
H o u lt, Aubrey E . ... 2.C. ,  ,

M acDougall, J o h n ................. l.C .M . , ,

A llan, H arold  R ...................... l .C . Glasgow
M iller, Jo h n l.C . , ,

Speirs, Jo h n l.C . , ,

W ilson, F rederick H . M. ... l.C . ,,
M cW illie, Donald M. 2.C.
C am pbell, R obert ... l.C .M . ,,
W atso n , Jam es C .... l .C .M .E .

L iverpoolM acadam , Jo h n  K. l.C .M .E .
B row n, Cyril K. L . l .C . , ,

Gow, E dw ard A. ... 2.C. , ,

Jones, Edw ard 2.C.
Jones, H arold 2.C.
Jones, H erbert V. ... 2.C. , ,

P reston , Jam es K __ 2.C. »?

Serjean t, W illiam  N. 2.C. , ,

T aylor, H erbert 2 C. , ,

D itchfield , C harles F . 2 .C.M. , ,

S hotton , W illiam  C. l .C . N orth Shields
B row n, E rnest 2.C. , ,

Jackson , C harles ... 2.C.
M ordne, A rth u r ................. 2.C.
W augh , W illiam  G. 2.C.
L isle , J o h n ... ................. 2 .C.M. » j
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F o r w eek ended 1 2 th  May, 1 9 2 8 :—

N A M E . G R A D E . P O R T  O F  E X A M IN A T IO N .

H ayw ard, Sidney G. ................. 2 .C .M .E . London
N eall, Alfred G. 2 .C 1 I .E . , ,
H un ter, Jo h n  T . 2 .C .M .E . Glasgow
M uirhead, W illiam ... l.C . ,,
F rance , Robert P . ... •2.C. , .

Gifford, A rchibald M cL. ... 2.C. j >
Robertson, Nicol .............................. 2.C. ,,
S inclair, A lexander B. 2.C. , ,

B u tte r , Edw in A. ... 2.C.M . ,,
Collins, George C. M. l.C . H ull
Greenaway, T hom as P . l .C . ,,
P orter, T om ............................................ l.C . ,,
W righ t, H arold l.C . ,,
G raham , W illiam  ... 2.C. ,,
H aykin , Sydney 2.C.M . ,,
Duff, Alexander l.C . Liverpool
H utchinson, Edw ard J . l.C . 5 »
M cKenzie, D uncan ... l .C , ,
S atterthw aite , W illiam l.C .M .E . , ,
D alziel, George A. ... 2.C. , ,

Fryer, Algernon, M. 2.C. ,,
Roberts, T hom as N. 2.C. ,,
T em pest, Jam es F . 2.C. ,,
W righ t, Edw ard ............................... 2.C. ,,
W ynn, F rancis K. ... 2.C. ,,
B errym an, George W . l.C . N orth Shields
G erner, Bobert H. ... l .C .
Muckle, W illiam  P. l.C . ,,
W orrall, T hom as B. 2.C.M . ,,
B assett, Roger S .................................... 2.C. London
H an n an , Jam es A__ 2.C.
M cK night, W illiam  J . 2.C. ,,
T ucker, F ra n k  W . G. 2.C.

SunderlandSim , J a m e s ............................................ l .C .
W alker, E noch D. ... l.C . ,,
Young, H ugh .............................. l.C . ,,
Robson, M atthew  ... 2.C. , ,

S hotton , George B. 2.C. , ,

Craggs, C harles ............................... l.C .M . , ,

H arvey, W illiam  H. l.C .M .E . , ,

Hogg, Frederick S __ l.C .M .E . ”

F o r w eek ended 19th May, 1 9 2 8  :—

T hom as, B en jam in  C. l .C .M .E . Cardiff
B aker, F ran c is  C. W .......................... l .C .
C hild, T hom as H . l.C .
Deslandes, Edw ard H. l.C . , ,

Ew er, Percy S ......................... l .C . , ,

H arries, D avid J .  I . l.C . , ,

K ipling, A rth u r l.C . , ,

R ichards, R onald  M. l.C . , ,

R ichards, W illiam  G. l.C .
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For w eek  ended 19th May, 1928—continued—

NAME. GRADE.
T ay lo r, Jo h n  S. D. .................  l .C .
Am os, H edley A. . . .  . . .  . . .  2.C .
O sm ond, Colin W . . . .  . . .  2.C .
L ochhead , D avid Me G .....................  l .C .
M cA rthur, D onald ... ... . . .  l .C .
Brow n, A lasdair L . .................  2.C.
M cNay, W illiam  W . .................  2.C.
M onteith , W illiam  ... ... 2.C.
H u n te r , Jo h n  T ...................................  l .C .M .E .
Ja rv ie , D avid Me K. . . .  . . .  l .C .M .E .
A lexander, C harles J .........................  l .C .
Bailey, T hom as W . . ..  . . .  2.C.
Bolger, Jam es F . . . .  . . .  ... 2.C .
Gobie, W i liam  ............................... 2.C .
G reenop, W illiam  ... . . .  . . .  2.C .
P alm er, George A. . . .  ... 2.C .
R ichardson, George E . ... ... 2.C .
Barrow , T hom as J . E . ... ... l .C .M .
B unn , Sidney C. ... ... ... l .C .
R oberts, Rob*rt . . .  ... . . .  2.C .
V errall, WTalte r  C .... .................  2.C.
P rest, Sydney A. . . .  . . .  ... l.C .M .E .
W oods, T hom as ... ... ... l .C .M .E .
M artin , G raham  W . ... ... l .C .
P irie, N orm an ... . . .  . . .  l .C .
B ass, Jam es A. ... . . .  . . .  2.C .
Moore, Clarence K. ... ... 2.C .
C raigen, R obert M. . . .  ... l .C .M .E .
B aillie, Jo h n  P .....................................  l.C .
H arris , Jam es M. .. .  ... . ..  l.C .
P enm an , Jam es ... . .. ... l .C .
Bam ber, W illiam  J . . .. . . . 2.C.
McDonald, Cecil W . . .. . ..  2.C
Ross, A rthur A. ... ... ... 2.C.
M ortim er, Jo h n  D. ... ... 2 .C .M .
W ebster, Robert . .. . . . . ..  l .C .M .E .
A dam son, Robert . ..  ... ... l.C .
G air, George ... . ..  . .. 2 C.
G ibbon, Charles E . . .. ... 2.C.

Fo r w eek ended 26th M ay, 1928:

Cam pbell, George McC. . .. ... l.C .
E a rl, Robert J .  C. . .. . .. ... l .C .
McTjaren, T hom as ... ... ... l.C .
P orte r, Jo h n  S. ... . .. ... l .C .
Cam eron, W illiam  P . . .. . . . 2 C.
Begbie, Jam es ............................... l.C .
D onaghy, C hris A. D. ... ... 2.C.
Ewin.'j, Jo h n  C. . .. . ..  ... 2 .C .
Johnson , T hom as ... . .. ... 2.C.
R oberts, Jo h n  . . .  ... ... 2 .C .
Scragg, Godfrey B ................................  2.C.
S im pson, H ector S. .................  2.C .

P O R T  O F  E X A M IN A T IO N . 

Cardiff
j » 
j >

Glasgow
> >
J  »

J  >

Liverpool

» >
1 >
* >

L ondon

S ou tham pton  
»>

L eith

N orth  Shields

Glasgow

Liverpool
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F o r  w e e k  e n d e d  2 6 t h  M a y ,  1 9 2 8 — c o n t i n u e d —

N A M E . G R A D E .

S tew art, Jo h n  S ....................................  2.C.
Bridge, E rnest W . .. .  .................  2.C.M .
M arks, H arold  W . R. ... 2.C.M .
D algliesh, E rnest V. C .......................  l.C .M .E
B a tt, Cecil F . I ...................................... l .C .
H ill, Gerald D ........................................ l .C .
W heeler, H arry  P . ... ... ... l .C .
M cC arraher, A lan J .  ... ... 2.C.
Jones, N orm an F . . . .  . . .  ... 2.C .M .
D orw ard, A lexander 8. ... ... l .C .M .E .
H ayw ard, Sidney G. . . .  . . .  l .C .M .E ,
C rom arty, R obert W . . ..  . . .  l .C .M .E ,
Milne, Jo h n ... ... ... ... 2.C.M .
G oodram , Charles . . .  ................. l .C .
B utterw orth , A rth u r ... ... 2.C .
C arter, W illiam  ... .................  2.C.
Coates, W illiam  G. R . ... ... 2.C .
Inm an , Frederick E . .................  2.C .

F or  w eek  ended  2nd Ju ne ,  1928:
Sellar, Peter W . . . .  ... ... l .C .
Maxwell, Jo h n  G. ... ... ... 2.C.
Shannon , W7illiam  P ..........................  2.C.
Prigg, Jo h n  W ...................................... l .C .
de la Mare, E dgar G. ... ... 2.C.
H ayes, C harles E . . . .  ................. 2.C.
Rees, B rinley ... . . .  . . .  2.C.
T aylor, Kerwin F —  .. .  . . .  2.C.
Goodfellow, H enderson M. M. ... l .C .
H uggan, Robert E . ... ... l .C .
M cLaren, Jam es W . . ..  ... l .C .
Rodgers, H erbert C. ... . . .  2 .C .M .E .
D unbar, Jo h n  . ..  ... ... 2.C.
McColm, W illia m ............................... 2.C .
B rash , M atthew  P. ... ... 2.C.M .
Milne, George H . ... ... ... 2.C.M .
Torrie, George ................. . . .  l .C .
S trachan , Jo h n  S —  ... ... 2.C.
Rosine, Jo h n  L . .. .  ... ... 2.C.M
P au l, Douglas .. .  ... ... 2.C .
Solly, H enry W . ... ... ... 2.C.
Burdis, Jo h n  H . M. ... ... l .C .
S m ith , W illiam  G. ... ... 2.C .
S im kins, C larence R: P. . . .  . . .  l .C .
H ow ieson, Nicol Me C. ... ... 2.C.
M cM urtrie, W illiam  A. S. ... 2.C.
C artm ell, Jo h n  ... ... ... l .C .
R ansom , Ja ck  ... ... ... 2.C .
W h ittak er, T hom as D. ... ... 2.C.

F or  w e e k  ended  9 th  J u n e ,  1928 :—
Sedgwick, S tanley  . . .  . . .  ... l .C .M .E .
M artin , C harles J. . . .  ... ... l .C .
Scott, D avid H ......................................  2 .C .

PORT OF EXAM INATION. 
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For w eek  ended 9th Jun e, 1928— continued—

N A M E . G R A D E . P O R T  O F  E X A M IN A T IO N

Moncrieff, C hristopher J . ...............  l.C . H u ll
Jones, Jo h n  O. ...............  2.C. ,,
S m ith , Fred ...............  2 .C.M. ,,
B u tler, R ichard  G __ ........... i . e . - Liverpool
W righ t, E rie ...............  l .C . ,,
Jones, Jam es M. ... ...............  2.C . ) 1
Scott, Jam es B . ...............  2.C. , ,
N ettle ton , A lbert J . ...............  2 .C.M. , ,
H a ll, C harles E . ...............  l.C .M . ,,
Owen, Jo h n  E . ...............  l .C .M .E . » »
R itch ie , D avid ...............  l .C .M .E . L ondon
C hristian , A lexander A. ...............  l .C . »»
H aggarty , Jam es A. R. ...............  2.C. S underland
L aw rence, C harles J . ...............  2.C . ,,
Oliver, Jo h n ...............  2.C . ,,
Jones, R onald D. ... ...............  2.C. N orth  Shields
S m ith , Jam es ...............  2.C. ,,
S till, Andrew N. ...............  2.C. ,,
C orlett, W illiam  A. ...............  l .C .M .E .

E x . l .C .  E x t r a  1 s t C la s s . l .C .M  1st C la s s  M o to r . 2 .C .M . 2 n d  C la s s  M o to r .
l .C .  F i r s t  C la ss . 2 .C . 2 n d  C la ss . M .E . M o to r  E n d o r s e m e n t.

Samples of questions to Candidates for Board of T rade 
Certificates. R eprin ted  by perm ission of H .M . Stationery! 
Office: —

S e c o n d  P a p e r .

W h at is acceleration and how is i t  m easured? A body is 
projected vertically  upw ard w ith a velocity of 1,200ft. per 
second. F ind  the greatest height to which it w ill rise, and 
the tim e taken.

A m ild steel tie-bar is 18ft. long and is made of angle bar 
3-5 ins. x  2'5 ins. x  0-42 ins. I f  the to tal pu ll on the b ar is 
19 tons, find the stress in  lbs. per sq. inch and the extension 
of the bar. Take E =  13,500 tons per sq. inch.

The thickness of the shell p la ting  of a cylindrical boiler is 
% inch, the diam. of the boiler is 8 f t . ; the streng th  of the jo in t 
com pared w ith  the solid plate is 74%, and the tensile strength  
of the plate is 28 tons per sq. inch. W h a t w-ould be the factor 
of safety with a working pressure of 155 lbs. per sq. inch ?

F o r  O r d i n a r y  E x a m i n a t i o n .

The boilers of a vessel contain 218 tons of w ater and at the 
commencement of a voyage they  were filled w ith fresh water. 
At the end of th a t  voyage, owing to a leak in  the condenser
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the density of the w ater in the boilers was 3'75. I f  the*
~32

average density of the water in the hot-well had been 0-15,
32

how many tons of w ater had been evaporated du rin g  thei 
voyage ?

W h a t is m eant by mean referred pressure? The diam eters 
of the cylinders of a trip le  expansion engine are respectively 
25ins., 46ins. and 60ins. and the mean effective pressures are 
respectively 56-2, 211 , and 10 lbs. per sq. inch. F ind  the 
mean pressure referred to the L .P . cylinder, and the I .H .P . 
w ith a piston speed of 820ft. per m inute.

Steam is adm itted to a cylinder at a pressure of 185 lbs. 
per sq. inch by gauge and the cut-off takes place at 0-37 of 
the stroke, the clearance being =  4 9 of the stroke volume. 
F in d  the absolute pressure when the piston has passed through 
0-86 of its stroke, tak ing  the effect of clearance into consid
eration.


