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The C h a i r m a n  : W e meet to -n igh t to hear a paper on 
“  M erchant Ship Service Perform ance A nalysis,”  by D r. E. 
V. Telfer. H e is the first Doctor of Philosophy in Naval 
A rchitecture in  th is country and is at present Assistant Naval 
A rchitect to the M onitor Shipping Corporation, and his duties 
call for a large am ount of research into Ship Perform ance 
Analysis. I  m ay say th a t the Doctor is recognised as one of the 
foremost au thorities on ship propulsion, and has read m any 
papers on this subject.

I  am sure th a t I  voice the sentim ent of those present when 
I  say th a t  we are deeply indebted to him  for having accepted 
the inv ita tion  to be w ith us th is evening, and th a t we all ex
tend to him  a very hearty  welcome. I  have now great pleasure 
in in troducing  the lecturer. Dr. Telfer.

1. W hen I  received from our Council a request to read this 
paper, I  fe lt th a t the opportunity  thus accorded of securing the 
views of members so in tim ate ly  and practically  connected w ith
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the everyday aspects of the subject, would fu lly  ju stify  and con
done whatever shortcomings the paper itself m igh t possess. 
I t  is my in ten tion  therefore merely to outline a system of in 
vestigating the service performances of m erchant ships which 
has proved of considerable value in my own professional prac
tice ; and to present this system more from the standpoint of 
its use to the m arine engineer in  his capacity as consultant to 
the shipowner, than  to discuss the m atter as a particu la r branch 
of the subject of the resistance and propulsion of ships.

2. Probably at no tim e have the shipowner and his technical 
advisers been faced w ith so m any alternative and additive 
means of im proving the propulsive economy of m erchant ships 
th an  is the case to-day. Such alternatives natu ra lly  sub-divide 
themselves into two broad classes: those intended for engine 
im provem ent or the generation of power, and those devoted to 
hull and propeller im provem ent or the u tilisation  of power. 
The acid test of th e ir efficacy applied by the shipowner is re
duction of fuel consumption for given speed, or increase of 
speed on the same fuel consumption. Engineers, however, are 
inclined to subm it pounds per horse-power hour as the test of 
engine economy, w hilst the naval architect endeavours to in 
sist th a t only power and speed should influence the reviewing 
of hu ll economy. Both are rig h t, of course, bu t in  an im per
fect world the last word is w ith the shipowner who asks w ith 
some force and considerable tru th , “  of w hat use is low pounds 
per horse-power—whatever th a t m ay be—or low power, if the 
fuel consumption of my vessel is still fa r too h ig h ? ”  This 
challenge can only be met by engineer and naval architect 
sinking th e ir differences — which are not hypothetical— and 
coming to agreem ent on the true average power developed 
by the engines and hence required by the ship. There should 
be no need here to emphasise th a t the m ajority  of indicator 
cards, all generally  of the peak variety , returned by sea-going 
engineers and received by superintendents, are, taken at th e ir 
face value, u tte rly  spurious either as a guide to engine economy 
or to the standard  of hu ll perform ance; there should be no 
need to emphasise th a t abstract logs can serve other purposes 
than  merely w asting an engineer’s leisure or lum bering a 
superin tendent’s office ;• and th a t finally, progress is only 
achieved by a thorough analysis of accurately recorded experi
ence.

To pass judgm ent, therefore, on any device, calculated to 
reduce fuel consum ption, the task which devolves upon the



SE R V IC E  PE R FO R M A N C E  A N A L Y SIS . 171

owner’s technical adviser is briefly th i s : he is required  to  
detect an economy of some x  per cent, consequent upon the 
installa tion  in  a vessel of some device, and this despite th e  
wide fluctuations in  fuel consumption inseparable from varying: 
coal quality , coal shortage, incidental engine trouble fo r tu it
ously inherent or introduced by incidental personnel, the 
weather and currents experienced and the foulness or clean
ness of a vessel’s hu ll— to m ention only the more insistent of 
the usual explanations of a vessel’s poor perform ance. The 
accom plishm ent of such a task is obviously not m a th em atica l: 
it is of necessity statistica l. Sometimes the task is sim ple, 
as for example when a vessel im m ediately a fte r installa tion  of 
a device, easily beats all her previous best perform ances of 
consumption and speed. This sim plicity  is of course m erely 
due to the fact th a t all the previously m entioned causes of 
perform ance deterioration are fortu itously  absent from ,the 
data compared. I t  is m erely a happy special case of th e  
more general in which all these com plications en ter to confuse 
the issue. This issue can only be faced by the system atic 
collection of accurate statistics and by th e ir accurate in te r
preta tion . The statistics requisite for this purpose m ust ad
m it of the determ ination of true  average horse-power and speed, 
a reasonable assessment of average w eather in tensity , the in 
fluence of fouling and coal quality , and finally the m ean dis
placem ent of the ship. Moreover, in  the com pilation of these 
statistics one fact of supreme im portance m ust be borne in 
m ind, th e ir  purpose is to predict the life  average perform ance 
of the vessel since th is average is the final test by means of 
which a vessel’s propulsive m erits should be reviewed.

3. Let us now consider th is statistica l problem  in detail, 
necessarily confining atten tion  solely to the vessel’s loaded life. 
The first requirem ent is true average power. I ts  determ ina
tion was fu lly  dealt w ith in a paper read by the au thor two 
years ago before the N orth E ast Coast In stitu tio n  of Engineers 
and Shipbuilders. F o r the sake of completeness, an outline 
of the method there in  proposed is given in an  appendix to the 
present paper. Suffice here to say th a t a propeller is p ractic
ally  a perfect power absorption dynam om eter and when the 
power it  absorbs a t any revolutions and slip (or sh ip ’s speed) 
is known, i t  is a very simple m atter accurately to determ ine 
the power required at any other revolutions and speed. This 
can be done most conveniently by constructing for each 
vessel, from her load tria l or service data, w hat I  term  a power 
diagram , a typical example of which is shown in F ig . 1. I f
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■on a p articu la r voyage th is vessel averaged 1 0  knots on 62 
r .p .m ., the diagram  shows the average power to he 1,520 
I .H .P .  An engineer re tu rn in g  cards for th is voyage would 
incidentally  take them  round about 64 r.p .m . at say 1 0 | knots. 
H is power would probably be returned as 1635-399, more 
a tten tio n  being given to the th ird  decimal place th an  to his 
seven to eight per cent, overstatem ent of the efficiency of his 
job . F u rth e r, if his indicator springs became soft, th is is 
generally  taken as a cause for self congratulation ra th e r than  
an  obvious test of his common sense in wondering where the 
ex traord inary  efficiency of his job came from— and went to.

However, leaving this hum an side of the subject, it  is 
evident th a t in the power diagram  the superintendent has the 
means of accurately determ ining true  average power inde
pendently  of his vessels’ engineers, a very im portan t advantage. 
Power diagram s can be prepared by the method given in  the 
appendix  for every type of m ain engines. They are particu 
la rly  desirable for Diesel engines and being prepared from  the 
bu ilder’s load tr ia l data and hence based upon indicator cards 
which have much more claim  to accuracy th an  the service 
Diesel indicator card, are practically  a necessity once th e ir 
use is appreciated. The turb ine driven vessel or the turbo- 
electric vessel adm it of simple power diagram  construction in 
term s of shaft horse-power, but one of the most useful applica
tions of the device is to the B auer-W ach and other combined 
reciprocating engine exhaust tu rb ine m ain engines. To avoid 
the use of a torsionm eter to determ ine to tal s .h .p . in  these 
vessels, the power diagram  can be prepared from the vessel’s 
loaded perform ance w ith  the tu rb ine  out of action. The 
method adm its of the reliable and fundam ental extrapolation 
of the da ta  to h igher powers th an  those rea lised ; and w ith the 
tu rb ine in action, the to tal equivalent i.h .p . required to tu rn  
tne propeller at any revolutions a t any ship speed can a t once 
lie determ ined from  the diagram .

Continued experience w ith the diagram  shows th a t it holds 
good as a means of accurately determ ining average power in 
all weathers and w ith clean hu ll and foul hu ll. I t  holds good 
w hether the propeller is bronze or cast iron, provided in th is 
la tte r case the propeller is undam aged. Increased blade 
roughness of an ordinary  ex ten t does not appear to invalidate 
the diagram . This is a very im portan t advantage and would 
appear to be due to the fact th a t the power required to ro tate 
the propeller is due to two causes, first and p rim arily  the pro-
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duction of th ru st, and secondly the overcoming of blade resist
ance. A rough blade reduces the th ru st developed bu t in
creases the resistance to tu rn in g , and it appears probable th a t 
so fa r as s.h .p . is concerned, these effects p ractically  neu
tralise each other.

W ith  this means available of accurately assessing average 
power the superintendent can study the economy of engine 
room improvements quite distinct from  those of the hull. H e 
can now accurately calculate specific fuel consumption and re
late it  to the calorific value of his fuel, or more sim ply in  the 
case of coal-burning ships, to the ash percentage of the fuel 
which in  itself for the heavier and less volatile coals is a re
m arkably close guide to calorific value. S im ilarly  he can 
separately calculate the efficiency of the hu ll and related de
vices by accurate determ ination of the A dm iralty  constant, 
affected however, it is true, by weather, by draugh t, and by 
fouling, but at least and at last entirely  separated from the 
efficiency or waste of the engine room.

In  w hat follows, therefore, atten tion  will now be confined to 
the problems of the efficiency of the hull. W e m ust now first 
consider the w eather question. I t  is obviously practically  im 
possible for anyone to look down the weather column of a log 
abstract, when mixed weather has been experienced, and m ent
ally  assess the speed loss caused by adverse weather on the 
voyage. I t  is equally impossible to evolve any num erical 
system which wTill give th is speed loss w ith m athem atical ac
curacy. Such accuracy, however desirable, is not essential. 
W hat is required is some system by means of which the m ajor 
influence of w eather can be accounted for.

To study the loss of efficiency due to various broad classes of 
weather, the au thor analysed the to tal life of a num ber of 
vessels and calculated the average A dm iralty  constant in  fine, 
moderate, heavy and very heavy weather classes separately. 
The in teresting  result was found th a t the loss in A dm iralty  
constant from fine weather to moderate, was substantially  
equal to th a t from moderate to heavy and from heavy to very 
heavy. In  other words, the to tal losses in  each class were in  
the ratio  of 0 : 1 : 2 :3 .  This implies no loss in fine weather, 
un it loss in  moderate weather, twice this loss in  heavy w eather 
and three times in very heavy weather. Thus, if on a p artic 
u la r voyage the respective percentages of fine, m oderate, heavy 
and very heavy weathers are represented by F  +  M + H  + V H  =  
100%, then the to tal loss in A dm iralty  constant will be pro-
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portional to (0 x F  + M + 2H  -t- 3V H ). This factor is a per
centage, and when m ultip lied  by the u n it loss in  moderate 
w eather gives the to tal loss in  A dm iralty  constant for the 
p a rticu la r voyage. Obviously, therefore, th is percentage is 
n  fundamental indication of weather severity and may be 
term ed the W eather In ten sity . W hen its  value equals zero the 
weather has been all fine, 1 0 0  the w eather is equivalent to 
m oderate, 200 to heavy and w ith 300 the w eather has been all 
very heavy. Thus, once th is percentage is known for a p a r ti
cu lar voyage, it  is a simple m atter to determ ine the loss in 
efficiency due to w eather severity. I t  m ay be objected, how
ever, th a t the real difficulty will be to determ ine th is  per
centage w ith any pretence of accuracy. W eather, for ex
ample, m ay not he so severe as heavy and yet be d istinctly  
worse th an  m oderate. A gain, heavy w’eather following a ship 
m ay not be in trinsically  heavy w eather so fa r as the ship is 
.concerned. S im ilarly , beam w eather is generally  not so severe 
:as bow or head weather. F in a lly , it  m ay be objected th a t the 
average voyage does not adm it of a sufficiently extensive and de
finite set of w eather observations to allow of valid  av e rag in g ; 
and in any case th a t the task is not one for the superin tendent 
b u t for the navigating  officer who makes the observations.

The W eather In ten sity  previously defined, m ust thus be cap
able of adequately allow ing for direction as well as severity 
of w eather and m ust adm it of in itia l specification by the  sh ip ’s 
officer. These conditions, fortunate ly , can be very sim ply 
respected. In  his official log book the officer is required by 
law to describe the state of w eather watch by watch. He thus 
has at least six daily  weather observations; and these require 
to be daily  booked into th e ir respective class. F or th is  p u r
pose four additional columns should be available in  his ab
strac t log headed respectively F , M, H  and V H . To dis
tinguish  between head or bow, beam, quarter and following 
weather, take the case of say m oderate w eather lasting  un 
changed throughout one day. I f  th is  w eather were ahead or 
on the bow, the whole six watches should be booked as 
m oderate, if on the beam three "watches should be booked 
moderate and three fin e ; and if en tirely  following, the whole 
six watches should be booked to fine. A sim ilar gradual 
stepping-up can be adopted for heavy w eather and for 
very heavy. A gain, moderate w eather ju st forward of the 
beam m ay be classed four m oderate and two fin e ; abaft the 
beam, four fine and two m oderate; and q uarte r w eather 
five fine and one m oderate. TJsed w ith  discretion the
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officer can so split up his watches to obtain quite a sharp de
finition of the weather th roughout the day. To illustra te  
th is weather classification more closely, the following tab le  
gives the classes of w eather usually' distinguished by the navi
gator, and I append the corresponding watch classification.

TA BLE 1 — W E A T H E R  CLA SSIFICA TIO N .

W atch  C lassification .
Description of Weather. F. M. H. V.H.

C alm s, to ligh t w ind, sm ooth sea ... ................. 6 __ __ __
Moderate follow ing wind and sea 6 — — —
M oderate quarterly  wind and sea 5 1 — —
M oderate wind and sea abaft beam  ... 4 2 — —
M oderate beam  wind and  sea... 3 3 — —
M oderate wind and sea forward of beam 2 4 — —
M oderate head or bow wind and  sea... — 6 — —
Strong follow ing wind and heavy sea — 6 — —
Strong quarterly  wind an d  heavy sea — 5 1 —
Strong wind and heavy sea abaft beam — 4 2 —
Strong beam  wind and heavy sea — 3 3 —
Strong wind and heavy sea forward of beam — 2 4 —
Strong head or bow wind and heavy sea ................. — — 6 —
Follow ing gale and  very heavy sea ... — — 6 —
Q uarterly  gale and very heavy sea ... — — 5 1
Gale and  very heavy sea abaft beam —■ — 4 2
Beam  gale and very heavy sea —- — 3 3
G ale and very heavy sea forw ard ol beam  ... — — 4 2
H ead or bow gale and  very heavy sea — — — 6
H urricane  w eather of w hatever direction ... — — — 6

Total 26 36 38 20

I t  should be noted th a t each type of weather described refers 
to wind and sea in  the same direction. W here this is not the 
case, the navigator m ust judge for him self the equivalent 
classification. For example, in  ballast or w ith high deck car
goes, g reater w eight would be given to the wind direction than 
when loaded with o ther cargoes.

Now, im agine this table to be the daily w eather description 
for a particu lar voyage, each class of w eather persisting  
th roughout the particu lar day. To obtain the w eather in ten 
sity  for the whole voyage, we first add up the to tal w atches in 
each class. These to tals are respectively 26 F :  -36 M : 38 H : 
20 V H : the complete to ta l of all watches being 120. N ext add
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the m oderate to ta l to twice the heavy to three tim es the very 
heavy, i.e .,

36 + 2(38) +  3(20) =  172.
Divide this by the to tal num ber of watches and express as a 
percentage, v iz .:

172
x 100 =  143.

Thus 143 is the average in tensity  of the w eather detailed in the  
above tab le ; and it  is subm itted  th a t to characterise w eather 
in  this form has obvious advantages over any mere attem pt to  
describe average w eather. Anyone who has read a cap ta in ’s 
dism al or eulogistic description of the w eather which he has 
experienced on a p articu lar voyage will realise th a t such 
descriptive sum m aries are practically  useless, since inevitably 
far too much w eight is given to some particu larly  good or to 
some particu larly  bad patch in the voyage. The num erical 
system  here outlined, however, has the outstanding  advantage 
th a t  every watch th roughout the voyage is autom atically  given 
full w eight in the determ ination of average w eather. W hilst 
th is system  is essentially based upon descriptive observations it 
appears probable from a study of model experim ents in waves, 
th a t the  num erical value of the in tensity  can be sim ply corre
lated  w ith  the leng th  and heigh t of the waves m et w ith. More
over, experience w ith  the system will show th a t although the 
n av ig a to r’s daily classification be quite coarse, provided it is 
free from bias, it is rem arkable how little  the voyage average 
in tensity  can be changed by any subsequent overhaul of his 
observations in refinem ent.

I t  should be noted th a t the classification given in the fore
going table presumes the particu lar w eather to las t th roughout 
six watches or one day. A ctually  it is applied by the navigator 
as re ferring  to each watch regard ing  each watch as a day, and 
afte r to ta lling  up the respective classes, the to tals should be 
divided by six before en tering  in the daily abstract. There is, 
of course, no need to work to a fraction of a w atch in this 
ab strac t and only the nearest whole num ber should be entered.

The au thor has had extensive experience w ith  the routine use 
of th is system  and can confidently recommend it. One im
portan t fact emerges from th is experience. The average 
W eather In ten s ity  m et w ith  by a large num ber of vessels in 
world trade over a loner period of tim e works out a t practically  
100 or moderate. I t  follows from this th a t a vessel engaged in 
world trade will, a fte r a long period of tim e, average w eather
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of 100 in tensity . The recognition of this fact requires th a t in 
any  presentation of ship perform ance statistics to shipowners 
and am ong shipowners, these statistics should all refer to 
w eather of 100 in tensity . A fter the first year of service a 
vessel may, however, have only averaged 60 w eather or on the 
o ther hand 140 w eather, and her statistics are thus not com
parable w ith the standard. I t  is, therefore, necessary to deter
mine from her s ta tistics the average loss in A dm iralty constant 
w ith increase in W eather In tensity . This, w hilst desirable, is 
not s tric tly  necessary, for it is a curious fact th a t m erchant 
ships over a very wide range of size seem to lose 60 points in 
A dm iralty constant for 100 points increase in W eather In te n 
s ity ; and as ultim ately, all world trad in g  vessels will have an 
average in tensity  somewhere in the vicin ity  of 20  points on 
e ither side of 1 0 0 , i t  is not essential in correcting their 
A dm iralty constant to standard  w eather, th a t the influence of 
w eather on A dm iralty  constant be any more accurately known 
than  is got by accepting this average value of 60 per 1 0 0 .

W e have now arrived a t the point when we can be morally 
certain  of a vessel’s true  average speed, power and displace
m ent and hence A dm iralty  co n stan t; we can define and measure 
the average w eather it  has experienced and finally we can 
eliminate the influence of weather on Admiralty constant by 
standardising on the world average w eather in tensity  of 1 0 0 . 
There is still a fu rther factor to be considered, and this is the 
influence of fouling. To determ ine th is influence for any par
ticu lar vessel, w hat we obviously require to do is to take each 
voyage A dm iralty  constant, correct to 100 standard  w eather 
and note the variation  in the constant w ith  mean days out of 
dry dock to mid point of voyage. A nalysing thus a large 
num ber of ships, the au thor has found th a t a vessel loses on the 
average 25 points in A dm iralty constant per 100 days out of dry 
dock. This particu lar ra te  of fouling refers to standard 
w eather and also to the point when the vessel is 10 0  days out of 
dock. Calculating the average days out of dock for a large 
num ber of vessels, i t  is found th a t they  average 10 0  (im plying 
docking every 200 days). This fact can again be respected and 
offered as a standard  to which all s ta tistics can be reduced, 
since if long period average w eather is 10 0  in tensity , and aver
age days out of dock 1 0 0 , these external conditions are 
obviously those which influence the long period commercial 
earnings of the ship.

One point in connection w ith this fouling correction should 
be noted. As it stands it  presumes th a t fouling loss increases
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No. P o rts  an d  D ates. D ays. Bevolutions. BunKers.
Ash.

Mean
D raugh t,

Displace* D isp l’ran t.
X

W e a th e r  C lassification .
Speed. r .p .m . S lip . i.h .p .

Coal
per

lb .
i.h .p . Coal A dm .

D ays 
o u t of

D ays 
o u t of 

d ry  
dock

No. of
boilers Cargo. C u rren t

A C .
C u rren t

W e a th e r
C urren t 
Days out S tandard

A.C-

W eigh t. Per cent.
D ays.

F . M. H . V .H. I n 
ten sity

day. h r . dock. X
days on 
passage

in use. In te n sity . of Doek.

L aunched  11-6-26
1

2

3

B altim ore— Im m in g h am  
27-8-26 to 12-9-26 
B altim ore— P ortland  . . .  
9-10-26 to 26-10-26 
B a ltim ore— S t. N azaire 
30-11-26 to  18-12-26

14-986

1 6 600

17'457

3,603

3,271

3,803

1,353,770

1,452,040

1,529,750

24'-7J" 

24'-I f  

24’- lJ"

13,470

13,170

13,160

201,860

218,620

229,730

64

11

17

25

12

41

2

40

44

37

3

32

203

131

lO 'O l

8-21

9-08

62'7

60 '8

60-85

10 1 4

23-90

15-96

1955

1975

1880

290

149

227

84

129

181

1,255

2,140

3,150

3

3

3

Coal

Coal

Coal

290

214

215

32

121

125

84

108

133

245

229

242

Docked, T yne 17-1-27
236

233

4

5

T y n e —P o rtP ir ie  
16-2-27 to 9-4-27 
T hevenard—B otterdam  
18-5-27 to  17-7-27

50-781

56-861

12,217

12,502

4,579,700

5,018,880

2T-2"

24’-6J"

11,530

13,410

585.505

762.505

180

151

88

83

32

78

12

21

60

91

10-02

9 1 6

62.6

61-3

9 '98

15-92

1920

1915

267

227

56

151

2,840

8,590

3

3

Coke

G rain

242

235

92

91

94

115

Docked, T yne 6-8-27
6

7

P ortland  0 —N aples . . .  
25-9-27 to 3-11-27 
V ancou ver— A vonm outh  
14-1-28 to 25-2-28

38-821

4 1 1 1 9

9,264

8,647

3,495,250

3,578,550

24'-7" 

24'-l i "

13,440

13,160

521,755

541,125

194

107

35

81

4

53 7

18

84

9 9 4

8-76

6 2 5

6 0 4

10-30

18-30

1925

1870

289

200

70

182

2,720

7,480

3

3

G rain

G rain

244

237

77

78

107

119

232

228

Docked, Cardiff 6-3-28
72 2308 V ancouver— B otterdam  

20-4-28 to 29-5-28
37-182 8,883 3,324,900 24'-7i" 13,480 501,210 154 61 9 — 34 9 9 5 6 2 3 10-28 1915 292 65 2,420 3 G rain 244 112

T o ta ls  an d  M eans 273 807 62,190 24,332,840 23 '-10J" 13,010 3,562,310 878 426 262 80 72 9 46 61’7 14 30 1920 244 112 30,595
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No. Ports and Dates. Days. Distance. Revolutions. Bunkers.
Ash.

Mean
Draught.

Displace
ment.

Displace
ment.

Weather Classification.
Speed. r.p.m. Slip. i.h.p.

Coal
per

lb.
i.h.p. Coal

Coeftt.
Adm.

Coefft.

Days 
out of 
Dry 

Dock.

Days 
out of 
Dry 

Dock
No. of 
Boilers Cargo.

Cur
rent

Current
weather

Currei 
days ot

Weight. Per cent. Days. P. M. H. V.H. In- 
t.'lisil \ .

Day. hr. X

days on 
passage.

in use. A.C. intensity. of Doc

Docked, Tyne 15-10-25
I

Coke

W ool & Z inc 
C oncentrates

86

97

37

97

1

2

T yne— Port P irie 
27-10-25 to 16-12-25 
Bluff— D u n k irk ... 
17-2-26 to 11-4-26

49’459

52-517

11,984

12,189

4,445,000

4,807,010

21'-7"

2 0-11J’

11,700

11,325

578,670

594,755

143

80

83

150

42

62

30

24

86

110

10-1

9-67

62'3

6 3 4

7-68

1 3 1 0

1,850

2,020

287

228

37

152

1,830

8,000

3

3

287

252

Docked, T yne 23-4-26
Coal

Coal

Coal

Coal

90

85

98

100

95

99

107

118

3

4

5

6

New port N ew s—B arrow  
8-7-26 to 22-7-26 
Ph iladelph ia— Middlesbro 
25-8-26 to  9-9-26 
B altim ore— C hatham  
10-10-26 to 27-10-26 
B altim ore— I m m ingham  
1-12-26 to 17-12-26

13-521 

15-204 

15-916 

15 756

3,328

3,572

3,400

3,626

1,195,400

1,327,000

1,380,700

1,390,500

2 4 '-8 f

24’-8|"

24'-7J"

24’- l f

13,520

13,500

13,450

13,170

182,800

205,255

214,070

207,510

62

49

9

27

15

41

15

35

4

1

36

26

36

7

28

47

203

114

10 25 

9-79

8-90

9-60

61-4

60-5

6 0 2

6 1 3

4 6 4

7-82

15-70

10-70

1,745

1,685

1,780

1,800

350

316

224

278

81

132

170

230

1,095

2,010

2,700

3,620

3

3

3

3

264

270

264

264

Docked, T yne 3-1-27
Coke

G rain

N itrates

271

273

273

96

91

88

94

102

116

7

8 

9

T yne— P o rt P irie
21-1-27 to  14-3-27 
Geelong— N aples 
15-4-27 to 26-5-27 
M ejillones— B ordeaux ...
22-7-27 to 26-8-27

51-146

39-312

32-841

11,994

9,186

7,263

4,448,890

3,467,690

2,878,560

21-2”

24’-3"

24'-8"

11,450

13,250

13,480

585,620

520,880

440,070

121

133

80

131

63

90

44

38

24

15 85

59

75

9-77

9-74

9 2 1

60-4

61'3

60-8

7-6

9 5

13-2

1,685

1,780

1,800

281

290

246

34

123

217

1,745

4,840

7,120

3

3

3

Docked, T yne 16-9-27
Coke

Zinc
C oncentrates

272

275

89

85

104

107

10

11

Tyne— P o rt P irie 
2-10-27 to  21-11-27 
P ort P irie— A ntw erp 
24-12-27 to 14-2-28

50'625

50-985

12,092

12,418

4,502,890

4,625,070

21'-0”

24'-l"

11,350

13,160

574,590

668,260

97

160

163

105

20

35

24

7

90

64

9-95

10-15

61-7

63-0

8-04

8-02

1,800

1,905

277

306

41

125

2,080

6,380

3

3

Docked, T yne 28-2-28
8312 Prince R upert— H u ll ... 

14-4-28 to 24-5-28
38 329 9,329 3,473,040 24'-10” 13,570 520,125 130 74 26 55 10-14 62-9 7-80 1,890 313 66 2,530 3 G rain 280 103

T o ta ls  and  M eans 425-611 100,381 37,941,740 22' 10f" 12,450 5,292,605 1,091 965 358 143 83 9-83 61-9 9 4 2 1,825 280 103 43,950



CO O t - rH 05 00 c— GO O
CD lO CD CD CO CD CD C— CD CD C-
<M 05 OJ <M CM <N 03 05 05 Ol <M 03



S E R V IC E  PE R FO R M A N C E A N A LY SIS. 179

uniform ly w ith  tim e. A ctually, of course, this is not so, the  
fouling being less rapid the g reater the tim e. A closer assess
m ent of the  fouling loss for D days out of dock is given by 
2.5 V L , but since we are principally here concerned with the- 
presentation of long averages, where the days out of dock will 
not differ very m aterially  from the 1 0 0  standard  it is im m aterial 
which correction is used. W hen only the m erits of one voyage 
are being considered the root correction is of course preferable.

W e have now finally a means of accurately discussing a 
vessel’s true  propulsive perform ance in standard  w eather and 
at standard  days out of d o ck ; and i t  will now be of in terest to 
consider a ra th e r full example of the use of the m ethods 
described.

4. Tables I I  and I I I  give the complete loaded service statis
tics for two recent 10 ,0 0 0  ton deadw eight steamers, sister ships 
save th a t one has a hull of norm al form and the o ther the same 
lines, bu t b u ilt as a corrugated ship. I will refer to these 
vessels as A and B. F or both vessels a power diagram  was 
prepared, there being a sligh t difference in propeller pitch, 
quite sufficient to produce a m easurable difference in power 
absorption at given revolutions and ship speed, bu t having no 
possible influence on propeller efficiency.

The sta tis tics  are presented passage by passage. The first 
column gives the term inal ports and dates and also the dry 
docking dates. Column 2 gives the to ta l steam ing tim e pilot 
to p ilo t; column 3 gives the  to ta l steam ing distance pilot to 
p i lo t ; column 4 gives the to ta l propeller revolutions pilot to 
p ilo t; column 5 gives to ta l bunkers (here om itted as our purpose 
is to compare hulls, and not engipe economy) ; column 6 gives 
to ta l w eight of ash discharged (also om itted) ; column 7 gives 
ash percentage (also om itted) ; column 8 gives passage mean 
d ra u g h t; column 9 gives passage mean d isp lacem ent; column 
10 gives the product of 9 and 2, and columns 11 gives w eather 

classification and in tensity . These contain the basis sta tis tics  
as collected from the abstract logs specially drawn up for the 
purpose. The rem aining columns give the corresponding 
averages, speed, r.p .m ., apparent slip, I .H .P .,  coal per day, 
lb . / I .H .P . /H r . ,  A dm iralty  constant, coal coefficient, days out 
of dock, d itto  m ultiplied by days on passage, and finally natu re  
of cargo carried. The four final columns give the v ita l factors 
of the whole sta tis tica l investigation . The first gives the cur
ren t values of life average A dm iralty  constant including the 
passage in  question, the second the corresponding life average
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w eather in tensity , the th ird  the corresponding life average 
days out of dry dock, and the fourth  the life average Admiralty- 
constant corrected to 10 0  w eather in tensity  and 10 0  days out of 
dock. A glance a t this last column shows how rem arkably 
steady this standard  A dm iralty  constant really  is, voyage afte r 
voyage. I f  vessel B be examined closely, however, i t  will be 
seen th a t there is some kind of a periodicity in the figures and 
th is puzzled the au thor for a long tim e. I t  revealed itself par
ticu larly  when in progressively reporting the  results of the 
comparison of the two ships to the owners, passage by passage, 
the fluctuation in the economy of vessel B over vessel A was 
quite apparent. The cause of the fluctuation should have been 
obvious, bu t like most obvious th ings, required looking for by 
a process of elim ination. The key to the fluctuation was found 
in the mean displacem ent column. Vessel B was frequently 
in the coke trade and consequently her mean displacement was 
on these occasions some 2 ,0 0 0  tons short of th a t when heavier 
cargoes were carried; her tim e in this condition represents 
practically  half the vessel’s loaded life. On the o ther hand, 
vessel A has only been in th is trade on one passage representing 
less than  one-fifth of her to tal life. Now, if the last column 
on the two sheets of data is compared w ith the mean displace
m ent column, it will be seen particu larly  for vessel B that, 
s ta rtin g  w ith two low displacements, the standard  constant is 
low and becomes lower, it rises progressively through several 
passages in which the displacem ent is high and im m ediately 
falls again at the next low displacement. I t  builds up again 
only to fall when its displacement is again  low. A ’s statistics 
are in itially  somewhat high due to the influence of favourable 
currents in the particu lar trade, b u t the same peculiarity  is also 
evident. To elucidate this point thoroughly, vessel B ’s s ta tis
tics were subdivided into full and low displacement passages 
respectively, and the respective group standard  A dm iralty con
s tan ts  obtained. These were quite different, and to tes t if the 
varia tion  w ith displacement was system atic, these group s tan 
dards, the to ta l life standard  and the curren t life standards 
were plotted to a base of corresponding displacement as shown 
in figure 2 .

I t  will be seen th a t the spots clearly define a curve passing 
through  a flat maxim um  in the vicin ity  of the  full load displace
m ent and decreasing steadily  towards the lower displacements. 
The curve m ust obviously pass through zero A dm iralty con
s tan t for zero displacem ent, and th is fact can be used to ex tra 
polate to  lower displacements than  those investigated . I t
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offers incidentally  an in teresting  means of connecting ballast 
and loaded conditions, and a study of its  na tu re  together w ith 
th a t of sim ilar curves for o ther vessels has already throw n 
valuable ligh t on the relation of upper to lower displacement 
for h ighest economy in all conditions. The curve practically  
exactly follows the variation in hull-effective liorse-power 
A dm iralty  constant deduced for th is particu lar hull form from 
model experim ent data. I t  is perhaps ju s t as well th a t th is 
fact was not appreciated earlier since it shows the accuracy th a t 
s ta tis tica l analysis of service data can possess.

£

(=>cx<t

2SO

ZOO
10,000 <1,000 1 2 ,0 0 0  13,000 14000

VIE AW D I S P L A C E M E N T
Fig. 2.—V ariation  of Standard Admiralty Constant with Mean Displacement.

The recognition of th is variation in A dm iralty  constant w ith 
absolute displacem ent or d raugh t for a given vessel is of obvious 
im portance in com paring the perform ance of sister ships differ
ing only in some special feature, or in com paring the same 
vessel before and after fitting  a particu lar device. In  view 
of the practical differences in displacem ent which can take place 
in service, i t  is thus essential th a t such vessels be compared at 
the same displacem ent as well as in standard  w eather and stan 
dard days out of dock. Thus, to revert to the comparison of 
vessels A and B, it  follows th a t the standard  A dm iralty  con
stan t of A should be compared wTith  th a t of B read off from the 
diagram  in figure 2 a t the same displacem ent. Vessel A has 
a current standard  A dm iralty  constant of 230 at 13010 displace
m ent. Vessel B a t th is displacement has a value of 278. The 
in trinsic economy of B over A is thus 17 per cent.
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I f  no attention were given to weather, fouling or displace
m ent, and m erely the true, incidental life average A dm iralty 
constants compared, A ’s sta tistics read 244 A dm iralty constant 
on 13010 tons displacement in  72 w eather and 112 days out of 
dock, w hilst B ’s are 280 on 12450 tons displacem ent in 83 
w eather and 103 days out of dock. The influence of external 
conditions thus reduces the economy of 15 to 13 per cent, in
stead of 17 per cent. I t  could easily have happened th a t these 
external conditions were reversed and the apparent economy 
would have been 21 per cent. This shows how im portant it is 
to cut out all fluctuations in external conditions as far as pos
sible. For example, a simple way of dem onstrating the com
parative m erits of two vessels is to grade their passage 
A dm iralty  constants in descending order of m agnitude, neglect
ing w eather, fouling and displacement differences. A lthough 
the to ta l average values may have a w eather, fouling or low 
displacement bias, so long as each vessel has sampled the same 
range of conditions, this grad ing  of the passage A dm iralty  con
stan ts will reveal the in trinsic  m erits of the two vessels. The 
b etter vessel should have maximum values not atta ined  by the 
worse, and the la tte r  should have minimum values less than  
those of the former. Table 4 shows this type of presentation 
for the two vessels previously discussed. I t  clearly shows the 
economy of B. In  this table, three approxim ately sim ul
taneous passages for the vessels are indicated, (b) and (c)

Table IV.
Vessel B. Vessel A.

350 ----
316 a. ---
313 ----
306 292
290 290 a.

*287 289
*281 —

278 c. —
*277 *267

246 —
*228 227 c.
224 b. —
__ 200
__ 149 b.

N o t e . — V a lu e s  t h u s  * a r e  a t  lo w  d i s p l a c e m e n t .  P a s s a g e s  a ,  b  a n d  c  p r a c t i c a l l y  s i m u l t a n e o u s  
o n  s a m e  r o u t e .  V e s s e l  B  s o m e  48 d a y s  l o n g e r  o u t  o f  d o c k  i n  e a c h  c a s e .
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w ithin about eigh t hours leaving the same port and (a) leaving 
neighbouring ports w ithin two days of each other. This is a 
type of comparison very rarely obtainable and is a valuable con
firmation of the superiority  of B as independently established 
by the s ta tis tica l exam ination of service in all trades. Inc i
dentally, i t  is in teresting  to note the substan tia l w eather 
iden tity  derived from analysis of the vessels’ logs for passages 
(b) and (c).

This example is a case of the application of the methods of 
the paper to investigate the economy of some device present on 
one vessel but not another. A pplying the method to the 
analysis of long period averages of absolute sister ships it is 
surprising how rapidly the standard  A dm iralty  constant for all 
such vessels settles down to practical iden tity . On two to four 
year averages there is rarely two per cent, difference between 
all the standards deduced, and as such differences as appear to 
exist m ay be peculiar to the different mean displacements aver
aged, it is obvious th a t the method is one of considerable ac
curacy. I t  incidentally  disposes of the doctrine th a t sister 
ships always differ. They do n o t ; a t any rate not w ithout 
some very definite reason.

5. I t  is my purpose in preparing  th is paper not to make it 
unduly  long and technical. Because of th is I  tru st i t  w ill make 
a wider appeal am ongst the circles for which it  is intended. 
As one interested in  a proprie tary  device, I  would appeal to 
those sim ilarly  interested to co-operate in  the establishing and 
wide recognition of some satisfactory statistical m ethod of pre
senting and d istinguish ing  the facts of ship perform ance. I  
offer the present method as one which has worked exceedingly 
well in practice and proved of considerable u tili ty  outside th a t 
of its m ain purpose, in  the detection of waste and revealing 
the way to still b etter design, thus ensuring progress based on 
the rock foundation of analysed experience.

There are m any fu rther side lines of th is subject to which I  
would have liked to refer, "but considerations of space prevent 
my doing so. In  conclusion, however, I  m igh t m ention one 
incident which bears very largely  on the whole subject m atter 
of th is paper. A certain  corrugated ship made a long m aiden 
passage. The owner was anxious to build  fu rth e r tonnage and 
cabled out to the captain for his opinion of th is particu lar 
vessel. The captain  cabled back to th is effect: “ M ust say ap
parent slip ex trao rd inarily  small b u t coal consumption u n 
fortunately  excessive.”  This cable as i t  stood showed the cap
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tain  to be a perfectly true witness. The cable was u n fo rtu n 
ately  entirely  misconstrued at home. Instead of its being im 
m ediately realised tha t low apparent slip m eant, on th is run, 
a very efficient hull requiring  low power, and th a t if the coal 
consumption were excessive the cause must be sought in the 
engines, the cap ta in ’s cable was construed, as a uatu ra l con
sequence of the shipowner dogma of coal and speed, as indica
tive of an inefficient hull. Time showed, however, the waste 
to be definitely in the engine room and th is was eventually  
elim inated. The owner of th is vessel in com paring its per
formance w ith th a t of a p lain  sister vessel, in w riting  recently 
to the au th o r’s Company, stated th a t, “ As you have had all the 
data . . . ., it is needless for us to point out which of these 
vessels has shown the best results, and on th a t very reliable 
comparison, it seems to us th a t you may reasonably claim to 
have proved your case.”

I  mention this incident solely to show how essential it is 
th a t the subject of m erchant ship service analysis be placed 
on a firm and lasting  basis, and so avoid the stultification of 
progress contributed to by our innate ignorance, indifference 
and prejudice. Progress, however, whilst dearly bought, is yet 
inevitable.

A P P E N D IX .

Construction of P owee D iagram.

(a) W ith  Load T rial D ata available.
A fter careful scrutiny of cards for indicator errors, plot all 

mean referred pressures to base of revolutions squared as 
shown in F ig . 3. From  an in itia l ordinate at zero r.p .m . re
presenting constant frictional m ean referred pressure (and 
averaging about 3'0 1b /in .2 for modern steam engines above
1,500 i.h .p .) , draw mean line through spots. From  speed and 
revolutions data, afte r elim ination of curren t influence, de
term ine mean of all apparent slips. This corresponds to 
mean line of mean pressures. Take any convenient revolutions, 
say 60 r.p .m ., and calculate propeller torque from brake mean 
pressure read off from mean line. From  propeller particulars, cal
culate torque constant Qc =  where (i is the torque in

m etre-kilogram s, n the revolutions per second and D the pro
peller diam eter in metres. In terpo la te  from F ig . 4 (which is
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based upon Schaffran’s system atic model experim ent data for 
four-bladed propellers of 37 per cent, disc-area-ratio and five 
per cent, thickness ratio) for the face-pitch ratio  of the pro
peller, the real slip ratio  corresponding to the basis torque 
constant.

F i g .  3 .

From  the relation : —

determine w, the Taylor wake fraction, Sr and S„ being the 
real and apparent slip ratios based on face p itch . T ransform 
ing the above relation to the form

Sr =  (1 -  w) S, +  w, 
calculate the real slip ratios corresponding to apparent slips 
of 5, 10, 15, 20 and 25 per cent., using the value of w pre
viously found. In terpolate from F ig . 4 the torque constant 
values corresponding to these real slip ratios and express them  
as ratios to the basis torque constant. P lo t these ratios to a base 
of apparent slip and fa ir if necessary. N ext m ultip ly  basis 
brake mean pressure by these ratios and erect in F ig . 3 above
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the fric tional mean pressure base. Draw rays through these 
spots to tlie in itia l frictional ordinate and label the spots w ith 
the apparent slip to which they correspond. R efer to actual 
apparent slip of each observation of mean pressure and see 
th a t it correctly locates itself w ithin the required slip rays. 
I f  not, and a system atic-error is evident— which rarely  hap
pens— note separately, for every brake mean pressure observa
tion, the ratio  which the torque constant ratio for the particu la r 
apparent slip of the observation, bears to th a t of the mean of 
all apparent slips. M odify the brake m ean pressure in  th is 
ratio , thus referring it to the mean apparent slip. H aving 
modified all observations in this m anner, draw in, or calculate 
by method of least squares, the best s tra igh t line th rough  the 
spots thus obtain ing a corrected in itia l ordinate. R epeat the 
whole calculation with this correction, when it will be found 
that the system atic discrepancy will have disappeared. F or 
Diesel engines, the frictional mean pressure found from shop 
tria ls  should be used as in itia l ordinate for first tr ia l analysis. 
More generally, w ith engines having an expected mechanical 
an d /o r shaft transm ission efficiency 77, the best tria l value 
for the in itia l ordinate is 1 -  times the maximum mean re
ferred pressure or torque.

The finally constructed pressure diagram  gives related values 
of revolutions, mean referred pressure and apparent slip. From  
the first and second the indicated horse-power can be calculated, 
and from the first and th ird  the ship speed. W e thus obtain 
related values of power, speed, revolutions and apparent slip. 
Calculate these system atically and p lo t as in  F ig . 1, thus ob
ta in in g  the required power diagram .

(b) W ith  only service data available.
P referab ly  instruct the vessel’s engineer to conduct load 

tria l over widest possible range of power—particu larly  the 
lowest powers, and analyse as in (a). A lternatively , take all 
available loaded service cards. See th a t all are evaluated for 
the revolutions at which they were taken and not for the re
volutions averaged for the day. Scrutinise for card errors by 
comparison of admission and gauge pressures. Note daily  ob
served and paten t log slips determ ined in  conjunction w ith 
revs, counter. R eject all observed slips which due to m anifest 
curren t are m ateria lly  different from logged slips and replace 
by la tte r. Average for all accepted cards the mean referred 
pressures, the revolutions per m inute and the observed and log 
slips, tak ing  the mean of these two la tte r. These give one
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basis spot on the mean pressure diagram . E stim ate frictional 
pressure ordinate as in (a), and draw in basis mean pressure 
line. Continue exactly as in (a).

DISCUSSION.

The Chairman : The paper gives the impression th a t a great 
•amount of time and thought has been devoted to its p repara
tion. The au tho r is w illing to explain any points which may 
not be quite clear. The discussion of a paper is always valu
able in b ring ing  out fu rther inform ation, and I  invite someone 
to open the discussion.

M r. J .  Calderwood, M .Sc. : I t  is, I  th ink , hard ly  an engi
neer’s place to open the discussion on a paper th a t  deals 
p rim arily  w ith the ship resistance side of perform ance data, 
b u t I  venture to offer a few rem arks on points when the in 
form ation given by the au thor m ight w ith  advantage be 
amplified.

The method of w eather in tensity  m easurem ent will no doubt 
give excellent results if D r. Telfer him self always makes the 
observations, bu t I  doubt whether he will be able to get tru ly  
com parative data from different ships or even from the various 
officers on any one ship, as the personal elem ent is so im portant 
a factor in any such observations. On one ship w ith which I  
spent a considerable am ount of tim e a t sea I  noticed th a t regu
larly  on the second officer’s watch the w eather was recorded as 
worse th an  on the chief or th ird  officer’s w atch, in days when, 
in my own opinion, it did not va iy  appreciably. Such differ
ences are going to affect your voyage result analysis to a very 
marked extent, and it would be in teresting to know w hether 
Dr. Telfer has standardised any sort of instructions to the 
sh ip ’s officers as to how they  are to estim ate th is  w eather in 
tensity.

On (proof) page (3) D r. Telfer suggests th a t 100% w eather 
in tensity  affects the value of the A dm iralty  constant by 60 
points. I  quite agree th a t on an average tram p vessel of about
1 0  knots th is is ju st about correct and have checked it  in  several 
cases, bu t surely the au thor m ust take the type of vessel into 
consideration. The w eather m ay affect a slow ship to the ex
ten t m entioned, bu t I  do not th in k  it  would have the same 
effect on a 16 knot ship. The general layout of the ship above 
the w ater m ust also be taken into account. The type of ship 
referred to by the au thor is the average cargo ship w ith practic
ally  noth ing  above the upper deck except, of course, the bridge.
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Ships w ith a large am ount of superstructure would be g reatly  
influenced by the wind, but waves would have no more effect 
than in  other vessels w ith little  superstructure.

W ith  reference to the correction for fouling, D r. Telfer 
takes a standard  of 28 points loss in  A dm iralty  constant for 
every 10 0  days out of dock, but I  th ink  the percentages of tim e 
spent in  port and at sea are likely to have considerable influence 
on this rule, also the particu la r port a t which the vessel is 
lying. I  th ink  the au thor said th a t the fouling correction be
came progressively less. My own experience, w ith figures 
which I  have been able to collect, is th a t up to 10 0  days the 
effect is exactly the opposite. The first few days period out 
of dock has rem arkably little  effect, and it gets progressively 
g reater u n til about the hundredth  day, after which it begins 
to follow a rule such as Dr. Telfer suggests. He m ight w ith 
advantage give a little  more inform ation on this point.

I  would like to thank Dr. Telfer for his very in teresting 
paper, and hope th a t my comments will elicit more valuable 
inform ation in his reply to the discussion.

M r. T. R. T homas, B .Sc. : I  wish to support Mr. Calderwood 
in thanking  Dr. Telfer for a most in teresting paper which will 
be a valuable addition to the transactions of the In s titu te , the 
more so because of D r. T elfer’s unique knowledge of this sub
ject. H is method of comparison of results is most interesting, 
bu t it  is probable th a t no system will ever be devised which 
is universally applicable, and i t  is better to regard th is one 
as applicable only by an individual to the comparison of the 
perform ance of vessels w ith which he is fam iliar, which are 
of sim ilar characteristics and engaged on the same service. D r. 
Telfer suggests th a t his system m ight have a wider application 
and be used for the comparison of the relative efficiencies of 
vessels having, say, two different types of rudder. I t  is to be 
feared th a t the personal effect would have too great an influ
ence to allow of th is. As a m atter of in terest, perhaps, Dr. 
Telfer could tell us if his experience bears this out. He m ight 
also be good enough to refer to the m atter already mentioned 
by M r. Calderwood, who drew attention to the probable failure 
of the method when applied to ships of different characteristics 
as, for instance, h igh  class passenger ships and tram p steamers. 
I t  would also be in teresting  if Dr. Telfer would give us some 
indication of the effect of displacem ent. The diagram  he gives 
is presum ably only stric tly  accurate when applied a t the dis
placem ent at which it  was made, i.e ., the tr ia l displacem ent.
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Tlie am ount of the propeller immersion seems to be the varying 
factor here, and inform ation on this po int would be appreci
ated. W hile we know th a t m any ship-owning firms do pay 
considerable atten tion  to th is m atter of analysis of results there 
m ust be m any who will be glad of D r. T elfer’s explanation  of 
his own methods.

M r. G. R . H utchinson : Dr. T eller’s principle of regarding 
the propeller as a power absorption dynam om eter in  p repar
ing  his power chart is most ingenious, bu t it  only holds good 
for the fu lly  loaded condition, or, a t least, for so long as the 
propeller is immersed adequately. In  the  ballast condition the 
propeller will not act as an “  almost perfect power absorption 
dynam om eter,”  and the method breaks down. Could the  
au thor tell us if he has any approxim ate correction, in  the form 
of a simple form ula, for instance, whereby the power a t any 
speed, r.p .m . and apparent slip can be derived for the ballast 
condition from the fu lly  loaded power a t the same ship speed. 
Ships, unfortunate ly , make a high percentage of ballast trips 
to-day, and a check on perform ance in th is condition is im 
portan t.

R eferring  to the point raised by Mr. Calderwood, i.e ., the 
classification of weather, th is is ra th e r a thorny  problem and 
the personal elem ent enters into it to w hat appears a t first sight 
an undesirable extent. A t the same tim e, we should not lose 
sight of the fact th a t the effect of w eather is elim inated, for a 
tram ping  vessel at any rate , if voyage results over a sufficiently 
long period are available for analysis. One m ust be well versed 
in the application of D r. Telfer's method before one can have 
confidence in it. I  have had the pleasure of working for 
several years with Dr. Telfer, and I  know th a t it gives astonish
ingly good resiilts, in his hands at any rate . I have seen it 
applied to quite a num ber of vessels of different size and form, 
all 1 0 - 1 2  knot cargo ships, and he can make w onderfully good 
predictions of powTer at different speeds by its use. W hether 
it  would hold so well for an interm ediate liner or a large pass
enger ship, I  do not know. I t  is voyaging into the unknown 
at th is stage, and it would be in teresting  to have D r. T elfer’s 
comments on the applicability  of his system to la rg e r ships of 
h igher speed and finer form.

I  also would like to thank  D r. Telfer for w hat is really  an 
excellent paper. W e, as an In stitu te , should know more about 
the subject, because too m any engineers are ap t to judge ship 
perform ance in  term s of coal consumption and speed and leave
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it  a t th a t. Dr. Telfer has put forward a method of power 
estim ation and service perform ance analysis which meets the 
requirem ents of superintendents and consultants and it is to 
be hoped th a t the paper will receive their closest study.

Mr. A. F . C. T impson : Every previous speaker seems to 
have attacked Dr. T elfer’s method of weather analysis. I  th ink 
his method at least gives us some basis to work on. This 
method gives data which is bound to be more accurate than  
mere casual observations. Degrees of weather cannot be stated 
m athem atically , and this classification is the next best th ing . 
As regards the paper generally, a shipowner wishes to get 
down, finally, to the cost per ton mile, and the method pro
posed by Dr. Telfer seems to be an excellent one for the 
purpose.

Mr. W . McL arkn : The au thor speaks a g reat deal about the 
engineer and the indicator. Generally the engineer has in d i
cated his engines the day before the ship enters harbour, and 
very likely he takes the next cards ju st afte r leaving port 
again. These m ay be days of fine w eather or otherwise. Now, 
i f  you consider a grain-laden ship, and the various methods of 
stowing the grain  or getting  it into a shapeable condition, 
when th a t ship is several days out she is quite a different ship 
in  a sense, owing to the cargo having settled down into all the 
corners. Then again, take well-deck ships which m ay carry 
m any tons of w ater on the fore p art when the ship is diving 
into heavy seas; some account m ust be taken of the effect of 
such conditions when applying the au th o r’s method of what 
m ay be term ed a “  wet ”  ship. A gain there is the bunkering 
question to consider; a ship loaded a little  in excess at the head 
is quite a different ship from w hat she would be if she were 
down by the stern. On one voyage across the W estern Ocean 
in Jan u a ry , we took tw enty-three days to do the trip  which 
norm ally  took ten days. W hat about the revolutions then? 
In  another extrem e instance we were seven days between L iver
pool and Cardiff, whereas the next tim e we were only th ir ty  
hours, the ship being lig h t. W h a t about the revolutions then? 
I t  seems necessary therefore to standardise some method of 
allowance for these vary ing  conditions. W e have instrum ents 
which can record p itch ing , ro lling , and depth of w ater fore 
and aft, so th a t it would be worth while to co-ordinate these 
factors for the use of the shore staff.

I  wish to add m y thanks to D r. Telfer for b ring ing  such an 
analysis forward. Could he tell us w hat difference, if any, is
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found in the ro lling  of a p lain  plated ship and a corrugated 
ship?

M r. T. R . Alexander: Dr. Telfer is to be congratulated  on 
his m ethodical exam ination of the problem  of m erchant ship 
perform ance, which will be of valuable assistance to a ll classes 
of m arine technicians.

There is one im portan t aspect of the analysis of the engine 
room perform ance which has always seemed to me to be funda
m entally  wrong, nam ely, the inclination  (to use D r. T elfer’s 
words) of engineers to subm it pounds per horse-power hour as 
the test of engine economy.

The objections to th is form  of analysis are, briefly : —
(1) No account is taken of the calorific value of the fuel 

which m ay differ considerably on a homeward bound voyage 
from tfiat on the outward bound.

(2) No account is taken of the consum ption of auxiliaries 
supplying lig h t, heat, ven tilation  and refrigeration , which 
vary w ith the tim e of the year and the latitudes in which the 
vessel trades.

(3) No discrim ination is possible between boiler efficiency 
and engine efficiency.

(4) The ind icator diagram  form ing the basis of the  analysis 
is bu t a spot test, and as D r. Telfer points out, is usually  taken 
only occasionally, then  under the best conditions, and gives 
fictitious perform ance figures.

I f  there were some means of ob tain ing  an accurate perform 
ance of the boilers and engines, watch by watch, i t  would be 
of very great assistance to the chief engineer during  the voyage, 
and valuable to the superin tendent when analysing the results 
a fte r a voyage.

Now D r. Telfer m entioned th a t the revolutions of the pro
peller were for all practical purposes proportionate to the power 
consum ption, w ith in  norm al variations, in  the revolutions per 
m inute and the  loading of the vessel. This being the case, i t  
is a sim ple m atter to calculate from the ind icator diagram s 
the H .P . hours per revolution, which will be a basic standard , 
and when m ultip lied  by the to ta l revolutions per watch, will 
give the H .P . hours consumed in  propelling the vessel during  
the watch.

The other im portan t factor to determ ine is the steam con
sum ption during  the watch, and the inclusion of an in teg ra tin g
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steam  m eter in the m ain steam pipe of each m ain engine is the 
keystone of accurate perform ance analysis.

Steam meters to-day are com paratively cheap and reliable 
and very accurate, and it is not a p latitude to affirm th a t they 
quickly* pay for themselves. W ith  such apparatus, the chief 
engineer and indeed all the engineers, are able to accurately 
log perform ance watch by watch, and any exceptional con
sum ption can be investigated as soon as it develops.

W ith  regard to the boiler perform ance, a w ater m eter on the 
discharge side of the feed pumps is of g reat value. By such 
means, not only can the lbs. of steam per lb. of coal be cal
culated, but also the steam consum ption of the aux iliary  p lan t 
if  the steam consumption of the m ain engines be subtracted 
from the w ater m eter.

I t  only rem ains for the chief engineer to take a reliable and 
average sample of the fuel during  the voyage, and for the 
superintendent engineer to have the calorific value of it  deter
m ined to enable a very perfect analysis of the perform ance of 
the individual sections of the engine departm ent to be obtained.

M r. J . F oster P etree (V isito r): The question of weather 
in tensity  which has exercised previous speakers occurred to me 
also, and in this way. Suppose th a t in  a ship of, say, 10,000 
tons displacement, there are three watch-keeping officers. 
Assume th a t the second officer has been w ith the ship for a 
couple of years and is perfectly fam iliar w ith her behaviour. 
The chief officer has perhaps come from a ju n io r position in  a 
m uch bigger s h ip ; while the th ird  officer, also new to her, has 
previously been in  sm aller ships. The w eather will appear to 
these three men in very different lights. To the chief, used to 
big ships, it m ay seem heavy, and he will log it as such. The 
m an from the small ship may th ink  the same weather to be 
only m oderate, though he would have classed it as heavy in 
a vessel of half the d isplacem ent; on the other hand, if he sees 
the chief officer recording it as heavy, the th ird  m ay th in k  it 
wise to do the same. The resu lt is bound to be somewhat re
moved from  the tru th , despite the correct entries of the second 
officer. A gainst th is, of course, we have D r. T elfer’s state
ment, confirmed by M r. H utchinson, th a t the scheme works. 
In  any case, w hatever its shortcom ings, i t  is obviously a sincere 
attem pt to classify w hat really  cannot be exactly described.

A gain, how do these men gauge the w eather? This question 
was suggested by one of the new cross Channel steamers, having
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-a long boat deck w ith the house and bridge placed considerably 
abaft its forward end. A head wind is therefore quite likely 
to shoot clear over the bridge, and the officer m ay thus be led 
to  underrate the weather. In  another ship, which I  under
stand to have given some trouble in  steering, the forward end 
of the upper deck is not closed in , so th a t the wind gets under 
the bridge and tends to blow the ship off her course. This 
m ight cause a newly appointed officer to pu t down as “  severe,”  
w eather which is almost “  m oderate.”

Such varying conditions will average out over a long p erio d ; 
but one cannot spend the whole life of the ship accum ulating 
data  from which to deduce a form ula. To be useful, the 
analysis m ust be completed early  in the sh ip ’s life. I  should 
like to know w hat length  of observation D r. Telfer considers is 
necessary in  order to estim ate a fa ir  average life perform ance. 
P resum ably at least two or three y e a rs ; in  which tim e there 
m ight be a num ber of different officers in  the same ship, which 
would com plicate m atters, unless the owners go to some trouble 
to keep the same men.

W ith  regard  to the question of I .H .P .  and S .H .P ., I  may 
m ention th a t difficulties of th is sort can be surm ounted by 
m easuring the propeller th rust.

Dr. Telfer did not read through the appendix, bu t he showed 
the mean pressure diagram  on the screen, and I  notice in  th a t, 
th a t he has allowed a constant fric tional loss equal to 3 lbs. 
per square inch for the m ain engine. I  am  under the im pres
sion th a t th is loss is not constant. I  th in k  Seaton is respon
sible for the statem ent th a t some 70% of the fric tional loss 
varies directly  w ith  the revolutions, and the rem ainder at a 
h igher ra te ; which is borne out by experim ents made at the 
N ational Physical Laboratory by D r. S tanton, in  which he 
found th a t the fric tion  of piston rings varied directly  w ith 
the revolutions. I t  m ay well be, however, th a t the figure 
given by Dr. Telfer is not so fa r inaccurate as to invalidate 
the results.

I f  th is paper has the effect of b ring ing  home to owners and 
to the engineers themselves the im portance, not m erely of 
taking records, bu t of tak ing  them  constantly  and so “ keeping 
th e ir hands in ,”  i t  will have done a great service. Possibly 
Dr. Telfer has never attem pted to estim ate the percentage of 
cargo vessels in  which ind icator records are taken consistently, 
bu t I  should doubt w hether it  would reach 30 per cent.
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Mr. A. R obertson : In  a paragraph , Dr. Telfer states th a t  
“  a rough blade reduces the th ru st developed but increases 
the resistance to tu rn ing , and it appears probable th a t  so fa r 
as S .H .P . is concerned, these effects p ractically  neutralise 
each o th er.”  I  have always understood th a t w ith  a rough- 
bladed propeller the S .H .P . is increased. I f  so, the efficiency 
of the installa tion  as a whole is reduced. Has D r. Telfer made 
any specific observations w ith regard to different standards of 
loading? I f  a ship is loaded w ith heavy cargo she has a h igher 
m etacentric height which causes excessive rolling, whereas 
w ith a lig h te r cargo she has a lower m etacentric height.

Mr. W . A. Christianson  : W ith  regard to the degree of 
weather, is this not a question of wind velocity, and if so, could 
it not be measured by an anemometer, in  recorder or ind icator 
form ? I t  would appear to require two instrum ents to be fitted 
in a vessel, one fore and aft, and another athw artships, or 
alternatively  one only, autom atically  kept facing the wind, 
whilst the speed of the vessel would also require to be taken 
into account, to arrive at the wind velocity. I  should like to 
ask Dr. Telfer’s opinion as to the practicab ility  of th is sug
gestion.

Mr. G. Selman (V isito r): W ith  regard  to the diagram  
(F ig . 3) shown by D r. Telfer, it appears very difficult indeed 
to obtain the reliable data necessary to prepare such a diagram . 
T rial data often gives evidence of quite astute salesm anship! 
I f  one is going to use th a t data the ship m ust be run  in  a condi
tion comparable w ith the average voyage condition of the ship. 
In  such a case the relation  between the speed and the revolutions 
in  a lig h t ship would be quite different from  th a t in  a ship in 
a loaded condition. T hat also affects the relation between 
the displacement and power coefficient inasm uch as it will not 
follow the change of ships (c) value w ith d ra ft as D r. Telfer 
infers bu t will be modified by the fact th a t the propeller 
will be working very ineffectually when the ship is in a ligh t 
condition.

M r. F . 0 . Beckett : I  m ust ask D r. Telfer how he m easr es 
the ship's d raugh t and who agrees to th is?  I t  seems to me 
th a t the vagaries of hum an natu re  are not sufficiently allowed 
for in  the paper. U n til we get oil and w ater to m ix we cannot 
have e ither a w eather chart or revolutions. I f  you consider 
vessels of the cargo carry ing  type it  is invariably  left till the 
ship reaches the S traits  of G ib ra lta r to indicate the engines. 
As one speaker has rem arked, the S .H .P . or the consumption
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of w ater is fa r preferable to I .H .P .  There are m any occasions 
where comparisons can be made between ships of the same com
pany because th e ir logs can be seen in  the office, and no doubt 
comparisons are m ade, bu t when it comes to classifying 
w eather as fa ir , m oderate, heavy, or very heavy, I  do not see 
why the engineer could not be relied upon to record the w eather 
watch by watch by reference to the ventilators. I  find there 
is a difference between men steering a vessel by the compass 
and those who steer by the head. I  have made m any passages 
zig-zag across the A tlan tic  and others s tra ig h t across, due to 
the difference in  steering. The form er generally  resulted in  
the engineer g e tting  blam ed for his heavy coal consum ption 
per H .P ., w hich is not surprising when you consider the effect 
of a steering engine working all the tim e a t fu ll speed w ith  a 
2 in. pipe blowing into the condenser. I  certain ly  agree w ith  
previous speakers th a t there are m any points in th is problem 
where the hum an factor m ay be very m isleading in  the tabulated  
results.

M r. R . J olly : A fter reading the paper one is left w ith the 
conclusion th a t the last word is w ith the shipowner. D r. 
Telfer m ay have been fortunate in  g e tting  his data  from ships 
ru n n in g  from port to port. I  assume th a t the mean draugh t 
is the m ean of the draughts a t the beginning and end of the 
voyage, b u t the shipowner has to make comparisons between 
in term ediate ports. To get a true  average d raugh t and A d
m ira lty  constant for any voyage is difficult. The real criterion 
is average results, and the shipowner’s dogma based on power 
and consum ption is still w ith us. Books are w ritten  on it, bu t 
the dogma will always rem ain the same . The shipowner asks,

W h a t does it  cost in  fuel to carry  a cargo a certain  distance ? 
I  use a sim ilar form ula and I  am always asking for more in 
form ation on the  subject which will enable me to determ ine 
the cost of carry ing  tonnage (i.e ., deadweight) a t a certain  
speed, and had hoped the au tho r would have gone fa rth e r on 
this point. I  have found th a t the perform ances of sister 
ships do vary  on the same routes and over the  same distances. 
I  therefore take an average of not less th an  three voyages on 
the same run , for comparisons I  cannot approach th is  problem 
as a naval arch itect, bu t only as an engineer, bu t I  endorse M r. 
Beckett’s rem arks about the im portance of the personal ele
m ent ; i t  is quite understood th a t diagram s are not taken under 
ideal conditions. I  have taken and investigated thousands of 
ind icator diagram s, and I  know the work entailed in g e tting  
them , bu t they  are very useful. In  the absence of loaded
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measured mile data, the shipowner wants to know the cost, and 
if the indicator cards are described as “  spurious,”  or “  not 
worth their face v alue ,”  these cards must nevertheless form  
the basis of the A dm iralty  constant, and you then give the 
shipowner four columns of figures on which to cast suspicion. 
I  do not see how it  can be a reliable index of the average 
draugh t of a ship. I  jo in  in thanking  D r. Telfer for his paper.

Mr. F . A. H unter : I t  seems to me th a t the use of the to r
sion m eter more fu lly  would elim inate m any of the difficulties 
due to unreliable ind icator cards. The coal consumption 
m ight then show considerably fewer discrepancies. W ith  re
gard  to weather, I  suggest th a t D r. Telfer m igh t evolve some 
instrum ent by which w eather could be indicated on a clock
work recorder which would give a definite basis as to the 
am ount of ro lling  and p itch ing  of the ship, and not ju s t left to 
the personal opinion of the m an tak ing  the observation. A fter 
all, i t  is the action of the waves on the ship which causes it to 
roll, and the g reater the roll or p itch  the g reater the deviation 
on the recorder. W ith  regard  to tak ing  ind icator cards, the 
ch ief and jun io r engineers are usually  fu lly  occupied in  these 
d a y s ; would it  not pay the owners of large fleets to engage a 
m an to go on the ship and take records from  tim e to tim e. 
M any superintendent engineers cannot worry about it, due to 
being too busy. I f  a qualified m an were employed to go on 
an  outward and homeward voyage and obtain true  and u n 
biased data, he could then  go on o ther ships la te r on and per
form  sim ilar duties w ith probably satisfactory result's as the 
work would be carried out by one individual.

M r. P etree : T hat system has, I  believe, been applied. Be
fore the w ar I  was told th a t the N orth  Germ an Lloyd employed 
a special staff of experts, who would descend on a ship w ithout 
w arning at the s ta rt of a voyage and proceed down Channel 
w ith  her. D uring th is tim e the m aster him self was under 
th e ir  orders— subject, of course, to the safe navigation of the 
ship— and if  they wished to run , say, a t h a lf speed for the 
purpose of th e ir  tests, i t  had to be done. My inform ant had 
him self been engaged in th is  work for some years.

Author’s R e p l y : I  m ust first thank  the members present for 
the excellent discussion they  have accorded my paper. So m any 
good points have been brought out th a t  i t  w ill be difficult to 
reply  to all. I  w ill therefore deal only very briefly w ith the 
salient points in  each speaker’s remarks.
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I  thank  our chairm an for the exceedingly kind way in  which 
he introduced me to the m ee tin g ; and in  rep ly  to his more 
technical rem arks discussing m y reference to the general 
spurious natu re  of ind icator cards, I  m igh t explain  m yself 
a little  fu rth er. Cards are not so m uch spurious in  themselves 
as in  th e ir in terp re ta tion  by the engineer and all too frequently  
even by the superin tendent. A  card “  under average condi
tions of working ’* is one not only very am biguously defined 
but also very difficult to take, since, in  fact, tru e  average con
ditions are not known u n til the end of the voyage. The peak 
card is all th a t can be expected from the engineer, bu t he 
should be made to appreciate th a t its value is only p ictorial and 
should not be used in  conjunction w ith voyage average coal 
consumption to misjudge the efficiency of the engine installation.

R eferring  to Mr. Calderwood’s comments, ships’ officers have 
adm itted ly  to be tra ined  to the use of a w eather classification; 
and the table given in  m y paper is supplied to every vessel 
whose perform ance I  analyse. I t  is really  surprising  how well 
the system works, and if  given a fa ir  tr ia l, satisfaction will 
au tom atically  follow. I  have frequently  checked the w eather 
id en tity  of vessels sailing in  com pany and I  have traced the 
variation of w eather in tensity  throughout the year on various 
trade routes, the statistics bu ild ing  up quite a definite relation.

The allowance of 60 points in  A.C. per 100 w eather in tensity  
appears to hold good over a very wide range of size and type of 
ship. I t  can be independently  endorsed by an analysis of Mr. 
J .  L . K en t’s work on the subject. Vessels do differ from  this 
standard , of course, but so fa r  as the prediction of life averages 
is concerned, any possible departure from  the standard  is of 
little  consequence. F o r example, if one vessel has the standard  
ra te  of 60 and another one of 70— a large difference incidently  
— if the first averages an A.C. of 220 in  120 w eather and the 
second 220 in 80 weather, then  w hilst the true  A .C .’s in  stan 
dard w eather of 100 would be 2 2 0 -  14 =  206, and 220 + 12 =  232, 
by adopting the standard  allowances these figures would be 208 
and 232, and thus the difference in  the assessment of average 
relative efficiency would be less th an  one per cent.

Mr. Calderwood doubts the accuracy, in  principle, of my 
allowance for fouling. Mere I  am  afraid  th a t his own views 
are directly  opposed to those of the F rench  and Am erican 
naval authorities, Messrs. D enny, and also, more recently  of 
Dr. J .  L . Taylor, which views are in  rem arkable agreem ent 
w ith m y own.
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M r. Thomas refers to the case of a vessel fitted w ith a special 
type of rudder afte r having orig inally  had a norm al rudder. 1 
have analysed such a case and have found no weakness in the 
method of analysis.

M r. H utchinson points out th a t the power diagram  only holds 
good for the loaded condition. This is so, and the method of 
its extension to the ballast condition I  gave in my N .E . Coast 
paper.

W hen M r. Timpson states th a t my weather analysis gives 
a t least some basis to work on, he neatly  summarises my m ain 
argum ent. A basis is all th a t is necessary and it is ju s t this 
which has h itherto  been lacking.

Mr. M cLaren raises the general question of the influence of 
trim  and nature of cargo carried on ship perform ance. I 
have been quite unable to trace any m aterial influence of t r im ; 
and so fa r as cargo is concerned, only an ore cargo appears to 
be definitely worse than  any other. S tatistics bear th is  out 
unm istakeably. Mr. M cLaren fu rth e r enquires as to the com
parative rolling of plain and corrugated ships. I  would refer 
him  to Mr. M. P . P ayne’s 1924 I.N .A . paper on the subject 
which definitely bears out our own experience.

Mr. A lexander’s remarks refer to the checking of perform 
ance in terna l to the engine room, and have my endorsement.

M r. P etree discusses my w eather classification, and to him, 
as to all members who doubt its practicability  and accuracy, 
a ll I  can say is, try  it. I t  is possible w ith only three m onths’ 
statistics of a vessel’s loaded life to predict her life average, 
provided of course, th a t the vessel has sampled all kinds of 
weather. Even if  th is is not the case, the application of the 
standard corrections w ill give a very close prediction.

Mr. Petree fu rth e r refers to m y adoption of constant fric
tional losses in  the preparation of the power diagram . There is no 
doubt th a t th is constancy is very nearly  true, bu t w hether it  is or 
is not, does not affect the accuracy of the power diagram  to the 
slightest extent. This diagram  is only concerned w ith the 
interpolation of known data of to tal I .H .P . ,  revolutions and 
ship speed; and whatever m y in terna l dissection of these v ari
ables, the original data rem ains unchanged.

M r. Robertson discusses my reference to the influence of 
blade roughness on S .H .P . a t given revolutions. As I  state 
in the paper, the S .H .P . a t given revolutions and slip appears 
to be independent of roughness. The th ru st of the propeller,
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however, is reduced and consequently to produce the same 
th ru st as a smooth propeller, the revolutions, S .H .P ., and slip 
must all be increased, but their internal arrangement as repre
sented by the original power diagram w ill be unchanged.

As I  m ention in my reply to Mr. M cLaren, I  have found 
that ore cargoes pull down a vessel’s perform ance. This is 
probably due to the excessive ro lling  caused by excessive meta- 
centric height as Mr. Robertson points out.

In  reply  to Mr. Christianson, the accurate m easurem ent of 
wind velocity for ship work has been successfully carried out 
by Mr. K ent and also by the H am burg Tank. The m easure
ments obtained are very valuable scientifically, bu t I do not 
th ink th a t they are necessary for ord inary  service analysis.

I  would refer Mr. Selman to my N .E . Coast paper for a 
fu ller consideration of the ballast perform ance of ships.

Mr. Beckett, I  th ink, is inclined unduly  to stress the hum an 
factor. A ll our experience is of necessity hum an, yet actu- 
aria lly  considered, the law and order in  th is experience is 
beyond question. A little  investigation work along the lines 
[ indicate will soon convince M r. Beckett of the very sub
ordinate place of the hum an element.

On one point, however, I can console Mr. Beckett. The 
power diagram  will not lay the blame of bad steering on the 
engine personnel! Since the speed averaged on the stra igh t 
line will be less than  on the true zig-zag course, using the 
former to read off average power results in this being over-esti
m ated and consequently in l b . /L H .P . /h r .  being under-esti
mated. The engineer thus derives a bonus from the defects of the 
deck. This fact alone should assure the im m ediate and universal 
adoption of the power diagram  !

Mr. Jo lly  deals w ith a more difficult type of analysis when 
he discusses cargo liners having a large port itine rary . The 
greater difficulty, however, is only due to the increased work 
involved. A ctually , because of the data being available for 
all conditions of loading, the analysis of such vessels is all the 
more valuable. I f  M r. Jo lly  will apply the methods of this 
paper to his work, he will have no difficulty in  solving the 
problems he has to face. The hu ll perform ance m ust be 
separated from th a t of the engine room and the coal purchas
ing departm ent, but, s ta rtin g  from  accurate data  from each, 
‘‘ the cost in fuel to carry cargo a certain  d is tan ce”  is merely 
a question of arithm etic.
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I  can assure Mr. H un ter th a t the torsion-m eter will not re
move the difficulties of the indicator. I  agree w ith him , how
ever, th a t a fleet engineer would he an invaluable commercial 
as well as technical asset to the shipowner.

The Chairman : I  should like you to accord a very hearty  
vote of thanks to Dr. Telfer, both for his paper and for his 
answers to the questions which have been pu t to him .

The vote of thanks was heartily  accorded, and a vote of 
thanks to the C hairm an on the proposal of Mr. W . M cLaren, 
seconded by Engr.-L t.-C om dr. A. J .  E lderton.

The Chairman (By correspondence): The author refers to 
the m ajority  of indicator diagram s taken at sea as being u tte rly  
spurious as a guide to engine economy or to the standard  of 
hull performance.

W hile it is generally considered th a t conditions at sea do not 
often adm it of the scientific recording of engine power and 
data in as com fortabla a m anner as during  tria l trips w ith a 
large staff of operators, in  the absence of tria l tr ip  data a t load 
conditions I  do not see how else a power diagram  can be ob
tained than  by recording diagram s at sea. I t  is not always 
convenient to obtain diagram s over a range of power and 
speeds while on norm al service owing to the requirem ents of 
schedule speed and revolutions being adhered to. I  find th a t 
a series of indicator diagram s a t norm al power and speed and a 
record a t full power on each voyage are very useful in deter
m ining consumption often asked for at varying speeds, and the 
actual results come close to the figures estim ated from the data 
provided on the diagram s.

------ — o----------

Notes.
In view of the questions which have been discussed as to 

water-tube boiler drum s for h igh  pressure service, the follow
ing descriptive notes from Mr. J . H . M artin  are u sefu l:—

*Thyssen W ater-Gas L ap-W elded Boiler Drums.— As 
steam pressures have g radually  increased, the difficulty of 
m aking riveted drum s to stand up satisfactorily to the more 
exacting duties required have often been great.

The inheren t defects of riveting , such as local compression 
of m aterial w ith its resu lting  damage, hardening due to

*British Representatives, Messrs. Perrins. Lim ited, Astor House Aldwych.
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breath ing  along seams and under bu tt-straps, and the prac
tical im possibility of securing even distribu tion  of stresses in 
th ick  plates, are only too well known.

One way to elim inate these shortcom ings has been to make 
drum s in  one piece, forged down from  heavy ingots. This 
method necessitates costly m achining on all surfaces as it  is 
not desirable to forge down the pierced ingot to the final 
thickness.

A lthough th is  method has m uch to recommend it  from  a 
practical po int of view, its application can only be an  econo
m ical one for the super-pressures requ iring  wall thicknesses of 
3in. or more.

F o r all pressures between those in  w hich riveted drum s 
have proved successful, and those where such forged drum s 
become economical it was felt some other form of construction 
was desirable.

On the  C ontinent during  the last five years a new paten t 
process of m anufacture by Messrs. Thyssen of M ulheim  to 
fill th is hiatus has been perfected and w idely adopted for the 
range referred to which is approxim ately between 200  and 
800 lbs. pressure. This method consists of m aking such drum s 
from a single p late rolled over w ith  a long itud inal lap jo in t 
which is welded by means of in terna l and ex ternal water-gas 
burners, these have the advantage of being reducing flames, 
thus no slag is formed which m ight otherwise find its way 
between the edges of the ad jacent plates in  the weld.

A special welding m achine is used in  which the “  hum an 
elem ent ”  is elim inated, in which two feet is welded a t a tim e, 
and the overlaps are hydraulically  squeezed down into single 
thicknesses by means of a roller passing to and fro over the laps 
the rollers being held down by means of a saddle plate under 
hydraulic p lunger pressure. A fter th is long itud inal jo in t is 
welded up, the shell is then  annealed and pu t on the rolls red 
hot, and kept ro lling  so as to re ta in  its c ircu larity  while cooling, 
the pressure being taken off the rolls before i t  gets too m uch 
cooled so as to prevent overworking of the m ateria l. The 
jo in t is then  most carefully  cleaned by scaling and the surface 
of the weld subjected to a most m inute inspection. W hen 
found to be satisfactory the shell is p u t in  a hydrau lic  testing 
m achine and subjected to 1 |  tim es its working pressure.

A fte r i t  passes th is test successfully the shell is taken to a 
special vertical and horizontal press by which the ends are 
closed down hem ispherically in  three heats leaving a m anhole
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at the centre of each spherical dome-shaped end. These ends 
constitute the best shape to resist pressures as they ensure the 
most favourable stress d istribution  in the wall, which then 
being closed in , increase in thickness towards the manhole 
and thus effectively strengthen the m aterial where it is most 
required. Manholes are then  m achined and doors fitted afte r 
which the drum  is subjected to an excess pressure test 3 |  to 4 
times its operating pressure by which in fact in parts the 
yield point of the m aterial may be passed and the drum  will 
tend to set itself to take up the best shape to resist this 
pressure.

Careful circum ferential m easurements are taken along its 
lengths during  the testing. I t  is generally  acceded th a t this 
searching test affords the best possible proof of the re liab ility  
of the weld, any weakness of which would be bound to show 
itself a t such an extrem e test, while it  also proves the free
dom of any other m aterial defects.

A fter this very severe test the entire drum  undergoes a 
h ighly  scientific heat treatm ent for which specially large gas- 
heated furnaces are available fitted w ith pyrom eters placed at 
various points along- and inside the drum  and tem peratures 
are autom atically  registered on polar diagram s during  this 
treatm ent.

All in ternal stresses and any cold stretch ing  effects are 
elim inated thereby yield ing a drum  w ith high resistive power 
against in ternal pressure, perfectly free from fatigue effects 
and in ternal stresses, and thus in the ideal condition against 
ageing and for standing up to the service required of it.

Engineers now well appreciate th a t a welded drum  tested 
above its elastic lim it having its- deform ation carefully 
measured and afterw ards properly annealed affords greater 
re liab ility  th an  a cold-bent, riveted and caulked drum . 
A nother advantage worth m entioning is th a t w ith th is method 
the original hard  m ill skin is retained on these drum s which is 
a h igh ly  desirable property, especially w ith h igh  pressure 
boilers in which corrosive action is much more acute from 
w ater on its in terior, and gases and m oisture on its exterior 
services. Forged drum s, which of a necessity have their sur
faces m achined down perforce have to lose this h igh ly  resis
tive and hard  outer skin.

A weld strength  is guaranteed to be at least 90% of th a t of 
the p late itself. I t  has been pointed out th a t if  no tube 
holes are pu t th rough  the weld in a boiler drum  a 1 0 0 % liga
ment is in service there as compared w ith one of 50% or less, 
in the row of tube holes.
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G reat in terest is being shown by Boiler M akers over here 
lately , not only for land  boilers b u t also for applying these 
for m arine work, and it  is to be hoped th a t the R egistration 
authorities and Insurance companies m ay give th is method of 
m anufacture th e ir careful and sym pathetic consideration.

In  regard  to th is i t  is of in terest to note th a t already in more 
th an  a dozen foreign countries where several hundreds of these 
welded drum s are a t work, they have been approved of by 
the local R eg istra tion  au thorities and by the  Insurance socie
ties, which should be the best possible proof of th e ir soundness 
and g reat practical and economical value.

A t the In s titu tio n  of Naval A rchitects’ m eetings, during  
the discussion of Mr. A rth u r Spyer’s paper on ' M odern De
velopments of the W ater Tube Boiler for M arine Purposes.” 
read 22nd M arch, 1929, Mr. H arold Yarrow m entioned during  
the discussion th a t those welded drum s were finding wide 
adoption on the C ontinent and seemed to prove successful, and 
where the drawbacks of riveted jo in ts and the consequent 
desirability  of elim inating  these as m uch as possible for h igh  
pressure work was now generally  appreciated, and those welded 
drum s show every promise, i t  seemed to him  th a t  they  were 
bound to be introduced over here before long and more in 
form ation on these would be appreciated.

Mr. H am ilton  M artin  supplied fu rth e r data  on these drum s 
which are now made out of one single plate up to a size of 
4ft. 3in. diam . and 31ft. long, thus only having  a solitary 
longitud inal welded jo in t and are supplied in  thickness up to  
about 2^in. H e also asked in  view of the  fact th a t such 
welded drum s show decided practical advantages over riveted 
drum s and were less expensive th an  forged drum s w hether 
the tim e had not arrived when an opportun ity  m igh t be given 
for a closer inspection by our R egistration  au thorities as to  
th e ir  practical and economical possibilities.

These welded drum s are obviously proving a sound proposi
tion, and nobody wishes to arrest the forward m arch of pro
gress in these days, or could afford to do so, bu t on the con
tra ry  will try  and grasp and investigate any th ing  which may 
tend to offer a more, or equally sound construction for less 
outlay. A uthorities’ considered opinion on th is w elding 
method which is m uch less dependent on the  “  hum an ele
m ent ”  th an  riveting— as it  can be inspected and tested in
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a more definite m anner m ight then be expressed and th e ir 
fu ture a ttitude made known towards the adoption of such 
welded drums for use in boilers or h igh  pressure receivers.

On the Continent it is of in terest to recall here a bu ttstrap  
covering a weld on boilers is not insisted upon any longer as 
it is considered to offer no real security, and fails to meet 
the purposes for which it is intended, for if the weld has been 
well made this security is superfluous, while if it  were not per
fectly made it would only be fu rther weakened by the holes 
p u t through it for taking the bu ttstrap  rivets.

I t  is preferred therefore to give welds the utm ost care in 
m anufacturing , subjecting them  to the closest inspection and 
then hydraulically  testing  all drums to a lim it which will 
never occur again in  service, afte r which all stresses are re
moved by a most careful scientific heat treatm ent. In  this 
way th e ir dependability is ensured.

In  regard to the B ritish  R egistration A uthorities’ a ttitudes 
towards welding in boilers, it is in teresting to note th a t both 
the B.O .T. and L loyd’s R egister have lately  approved of arc 
welded flanges on all main steam pipes on the new P . and 0 . 
turbo-electric liner, Viceroy of Ind ia  fitted w ith h igh  pressure 
Tarow w ater tube boilers. I t  was this fact which has 
prom pted the foregoing suggestions.

In  replying to the discussion, M r. Spyer confirmed tha t 
several of these welded drums had been installed by th e ir 
C ontinental works and have behaved well since then , and 
where this was the case and welds on boilers could be done 
satisfactorily  and safely, the position as to th e ir use over here 
m ust be considered.

Messrs. R osencrants, Patchell, Dr. M unsinger and other 
authorities have likewise expressed themselves strongly in 
favour of these, and they will no doubt prove of interest to 
m any of our members.

M ental P hilosophy.
I t  is well to tra in  the mind to th ink  correctly, to discrim inate 

betw een rig h t and wrong modes of though t and cleave to the 
good and true.

The following is quoted from an old notebook of U niversity  
L ectures delivered to us students m any years ago and the 
th o u g h ts  conveyed may be of advantage for our juniors to read.
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M ental Philosophy in  its general sense as a science comprises 
two sections, Moral and In te llec tua l Philosophy, and it is pro
posed now to specially tre a t on the la tte r. I t  comprehends the 
laws by which we proceed to consider the impressions upon the 
m ind from outw ard objects, the Laws of In telligence, the pro
cess and the products of though t or intelligence which m ay be 
summed up in the  definition “  Reflection on our experience,” 
which results in  a knowledge of th ings gained either from our 
own experience or culled from th a t of another. M ental Philo
sophy defines the process which the mind goes th rough  in 
a tta in in g  know ledge. I t  is essentially an inw ard process, 
a lthough the knowledge itself comes from w ith o u t; the incom
ing of knowledge is th a t inner consciousness of certain  facts 
or qualities which belong to our inm ost self, and the appor
tioning of these to th e ir true  value, afte r due consideration of 
their etched face value as presented by an outsider.

The centre around which all knowledge and philosophy 
cluster is consciousness and as the mind of m an is very com
plex so of necessity is the study of it. As m ental philosophy 
takes cognizance of all k inds of knowledge, it  may be term ed 
the u ltim ate or prim ary science, and in a sense the “  U niversal 
Science,”  inasm uch as its leading aims are: 1, To te ll or in
vestigate  w hat knowledge i s ; 2 , to investigate the inner con
sciousness ; 3, to investigate the results of universal science.

In te llec tua l philosophy m ay be divided into three branches, 
all however closely connected w ith each other, i.e ., they have 
an organic unity .

1. Phsycology, which m ay be term ed the root of the science, 
as dealing w ith  facts of the past and present, and even yet this 
root is not sufficiently studied, hence errors in reasoning or 
wrong conclusions are deduced, and if we look around to-day 
we can trace sample cases.

2. Logic applies to the  laws of philosophy and is based upon 
the lines of s tric t accuracy.

3. M etaphysics takes cognizance of different objects.
The use of m ental philosophy is obvious for a study when we 

consider the necessity of reflection, and note the lack of it here 
and there, m ental philosophy analysis, aided by certain 
facts and we draw conclusions, or sim ply reflect upon the know 
ledge gained, m ental philosophy analysis or aids by certain 
laws our reflections to arrive a t the- tru e  and avoid the false. 
W e are conscious of certain  w ants or desires in our inner selves,



208 NOTES.

these we m ay term  high or low according to the source whence 
they spring, although quite natural, such as the requirem ents 
of food, shelter, clothing, which we may term  “  physical 
w an ts ,”  and although in the lower s tra ta— as in the anim al 
creation—yet out of these spring u tility , whence are evolved 
the ideas of work and industrial a r t on its u tilita rian  side, th a t 
is the process for ge tting  som ething to satisfy  w ant, w ith  its 
beneficial results and then generating  som ething noble by help
ing others, whence sprang the  civilization stage in man. Then 
came the general sense or acknowledgm ent of R ig h t and 
Justice and Government to m ain tain  these. In  the early  stage, 
s tren g th  or force m ight prevail to m aintain  ownership, in the 
more advanced stage there is a recognition of duty betw een 
m an and m an, and a gradual rise to a nobler standard  of duty 
by philanthrophic effort and benevolent action under m oral 
philosophy. Besides the sensations of hunger, cold, th irs t, 
e tc., we have a consciousness of o ther senses which pu t us in 
com m unication w ith the outer world, the em otional or sesthe- 
tical side, flowers of scent, beauty, musical sounds, sublime 
experiences. These points b ring  before us the question as to 
how far we can rely upon our emotional sensations or im pres
sions to arrive a t the real and true. (a ) W h a t r ig h t have we to 
assum e th a t we have the r ig h t and tru e  conception ?; (b) W hat 
tes t can we apply to prove the true  from the false ?

In  our search afte r tru th  we may arrive a t contradictory 
results, clearly then  we m ust examine again and discover where 
we have erred in our reasoning or deductions, as it  is not pos
sible for the hum an mind to rest satisfied in a s ta te  of doubt for 
any leng th  of tim e, hence it is im portant to determ ine the 
satisfactory  tests of a tru e  proposition, th a t is tests which will 
satisfy  our intelligence. A ttention to duty and avoidance of 
neglect which may in jure others.

W e see th a t u tility  is the root idea of industrial a r t, the end 
is the resu lt we aim a t or for the sake of which som ething is 
done. There is also the means by which we a tta in  th is end. 
The idea of r ig h t and wrong is a more general one th an  justice. 
U nder the form er we class benevolence and philanthrophv. Let 
us ponder over the question for good reason. Speculative 
philosophy is indigenous to every soil on which civilisation has 
root.

The assum ption m ay be held th a t tru th  and tru e  principles 
regard ing  justice, goodness and beauty  are to be found as the 
resu lt of effort. This is n a tu ra l fa ith . Can we vindicate i t?
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Have we any tes t or criterion by which we can ra tionally  and 
to our own in te lligen t satisfaction  d istinguish  tru th s  in these 
enquiries from fallacies. Questions m ust be considered to find 
the rig h t, the ju st and the beautifu l. The conclusions arrived 
at m ay not be consistent, as though t trave lling  by different 
roads may arrive a t opposite resu lts, and the m ind m ay come to 
a standstill, unable to tell the true  from the false. This entails 
doubt or scepticism  ; our na tu re  is such th a t we cannot continue 
in doubt, we therefore m ust have some fa ith , and realising  th a t 
we have gone wrong in our conclusion, go back and try  to find 
where error has arisen.

I t  is specially in te resting  when considering the lessons de
rived from intellectual philosophy, to read the h isto ry  of past 
ages, the aborigines of the nations, the  cave m an and his 
advance step by step to civilisation from the “  club ”  to  the 
“  sweet sm iling m orn .”  The desire of all nations should be 
to help one another in progressing tow ards the best, doing th a t 
which is r ig h t and well pleasing for all and avoiding the adage 
“  D on’t  do as I  do, bu t as I  bid you .”  The Cam bridge H is
toric Records volumes of the B ritish  Em pire contain many 
examples illustra tive of the r ig h t and the w rong views of life ’s 
duties and responsibilities.—J.A .

From  the “  M echanical W orld and E ngineering  Record ” 
of October 12th, 1928, the following are q u o ted :—

^P ulverised F uel. There is considerable evidence th a t 
pulverised-fuel firing for the purpose of steam raising  is pass
ing th rough  w hat may be term ed a real testing  tim e. Indeed, 
there is the danger th a t the use of pulverised fuel for any 
purpose m ay suffer from  the exaggerated claims of its 
sponsors. Therefore, the very long and detailed series of 
papers and the discussion upon them  a t the F uel Conference 
should serve as a corrective to the dissem ination of exagger
ated ideas concerning the use of fuel in the pulverised form, 
and a t the same tim e p u t the whole th in g  in  a little  better 
perspective, perhaps, th an  has been the case at any ra te  on 
certain  occasions. I t  is in teresting  to note th a t the criticism s 
of pulverised fuel come less from w ithout th an  w ith in . In  
o ther words, i t  is perfectly  true  th a t the advocates of the use 
of m echanical stokers s till have a large say in  discussions con
cerning use of pulverised fuel by the aid of w hat are known

* cf. Paper read by E . Kilburn Scott on December 8th, 1925.
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as the bin and feeder or central system of handling the p u l
verised fuel, or the direct system of firing, and it is con
fidently claimed th a t powdered fuel will not a tta in  the success 
which is hoped for un til it is able to achieve the same order 
of efficiency in operation as is obtained by the m echanical 
stoker at the present tim e. At the same tim e, probably the 
most heated argum ents go on between those who are pushing 
the use of the central or bin  and feeder system on the one 
hand, and those whose interest lie w ith the direct-fired system.

One of the unsatisfactory features of the long session de
voted to this m atter a t the Euel Conference was the fact th a t  
so much of the discussion was contributed by the makers of 
apparatus, and so little—indeed, none— by the users of pu l
verised fuel. W h ilst no fewer th an  five representatives of one 
firm alone took p art in the debate, it  was surprising to find 
tne central electricity  power station engineer's, and other$ 
sim ilarly  situated , silent. W e had in the chair M r. A rchibald 
Page, chief engineer to the Central E lectric ity  Board, who, 
beyond m aking the obvious and quite general rem ark th a t 
pulverised-fuel problems are among the most im portant facing 
the combustion engineer at the moment, and th a t before any 
large new power station or extensions to existing power sta
tions are decided upon, the claims of pulverised fuel are con
sidered, adopted a very correct official a ttitude , and did not 
favour us even with any personal view of his own upon the 
technical aspects, of which he m ust of necessity have quite a 
lot. Thus the discussion resolved itself into som ething of a 
dog-fight between the advocates of the bin and feeder or cen
tra l system and the direct system of using pulverised fuel, 
these advocates being makers of either one or other of the two 
types of apparatus. In  the m eantim e the rem arkable th in g  
to observe is the great atten tion  being paid to the pulverisa
tion not only of coal as we know it in this country, bu t to the 
softer brown coals and lignites, and even of peat in  almost 
every one of the civilised countries of the world. Russia in  
p articu lar is paying close scientific attention to the pulverisa
tion of peat, and there were papers on the subject generallv 
from Czecho-Slovakia, Germ any, G reat B rita in , H olland, 
Jap an , U nited  States, and Russia. Each of these papers dealt 
w ith the problem from a separate and distinct aspect, but the 
im partia l observer cannot fail to express the view th a t neither 
pulverised fuel in  general nor any one particu la r system for 
using it  is likely  for a long tim e to come to hold the field to 
the exclusion of all o ther methods and processes. I t  is readily
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adm itted  by those who are not tied by commercial interests to 
any one p articu la r system th a t the direct-fired system of using 
pulverised fuel is particu la rly  suitable for relatively  small 
undertakings, w hilst the bin and feeder system finds a readier 
application in  the large central stations and steam -producing 
undertakings. Those who have gone in  for m anufactu ring  the 
direct-firing apparatus claim  th a t this m ethod has gone ahead 
much more rap id ly  in  the last year or two th an  the  b in  and 
feeder system, and th is type of com petition is a ll to the general 
good of the interests of the use of powdered fuel.

There is, however, a g reat deal more a ttach in g  to the use of 
pulverised fuel, by w hatever system is adopted, th an  the mere 
coal-handling apparatus. The new fuel is involving radical 
modifications in  boiler design, and i t  is generally  agreed th a t 
there s till rem ain to be solved a num ber of problems concern
ing  the design of combustion chambers, fineness of grind ing , 
fusion point of coal ash, the g rind ing  process itself, transport 
of fine coal, and the disposal of the flue dust. This la tte r, in 
deed, is an extrem ely serious m atter, and although the com
m ercial gentlem en concerned in  the sale of the apparatus m ay 
sometimes indulge in  w hat m igh t be term ed a little  obvious 
leg-pulling  by suggesting th a t th e ir p articu la r system does 
not perm it of dust being em itted into the atm osphere, honesty 
does not perm it of such a claim  being taken too seriously. I n 
deed, the dust difficulty is a real and serious one, and is re 
ceiving a g reat deal of a tten tion . By some it  is suggested th a t 
electro-static means for ex tracting  the flue dust is the only 
suitable m eth o d ; but it is adm itted ly  very expensive, and no
body yet seems to have installed  it. There are o ther means 
of dealing w ith  the  dust, b u t it  is by no means certain  th a t 
they constitute a definite cure as against m erely a pallia tive. 
E xperim ental work upon powdered an th racite  is being car
ried out in Jap an , and those who wish to follow the  subject 
closely cannot do better th an  make a point of studying th is 
series of papers and the discussion upon them  when they  are 
published in  volume form, because they  will be found to 
constitute the most complete record up to date of all the know
ledge of the whole subject of powdered fuel th a t has yet been 
collected.

T iif, I ntegrity of the Technical Man.— I t  has fallen to 
the In stitu tio n  of Automobile Engineers to be among 
the first in  the session w ith its presidental add ress;
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bu t M r. L. H . Hounsfield, the new president, was 
specially in teresting  in w hat be bad to say from  quite 
another po int of view. I t  is obviously increasingly 
difficult for presidents of engineering institu tions to find 
a topic for th e ir discourses if  they are to avoid w riting  
w hat would be no th ing  more nor less th an  an ordinary  paper 
on some p articu la r subject. The difficulty there lies in  the 
fact th a t presidential addresses are not usually discussed, and 
therefore if any th ing  of a technical nature is to be dealt w ith 
it would have to be more or less personal, which most engineers 
and technical men are not too fond of doing in  such circum 
stances. The line adopted in  m any cases is to give a historical 
review of some aspect of the branch of industry  w ith which 
the particu la r president is concerned; bu t although th a t is 
in teresting  up fo a point, it does not always reach the desired 
end. M r. Hounsfield, however, adopted quite a new and 
novel line for a presidential address to an engineering in stitu 
tion, in th a t he dealt w ith the in teg rity  of the technical man. 
The address, indeed, forms an adm irable dissertation of philo
sophic character w ith a more than  definite practical touch, 
cleverly applied to the automobile industry . The same ad
dress could w ith bu t few alterations be applied to all other 
industries, and w ith bu t a few deletions could be placed before 
any assembly, however remote from engineering. I t  is th is 
very fact which makes th is presidential address to the In 
stitu tion  of Automobile Engineers of ou tstanding notice, and 
it  is to be commended to all to read and study as apart from 
w hat some people m ight regard as dry and technical. The 
whole address is in  a lofty  plane, and puts the outlook on the 
life work of engineers and others in  an adm irably frank m anner.

T he  F uel R esearch  B oard.— T here is a ce rta in  ap p ro 
p ria teness in  the  issue, d u rin g  th e  ru n  of the  W o rld  Fuel 
C onference, of th e  a n n u a l repo rt of th e  F u e l R esearch  B oard , 
some m em bers of th e  staff of w h ich  have been ta k in g  a p ro 
m in en t p a r t  in  the  proceedings a t  S ou th  K ensing ton . As 
usual, th e  repo rt m akes in te re s tin g  read in g , and  serves once 
m ore to p u t m a tte rs  in  th e ir  r ig h t perspective. In d eed , th e  
F u e l R esearch  B oard seems destined  to  have to  app ly  a cor
rec tive  to  th e  m any  op tim istic  th in g s  hoped fo r from  low -tem - 
p e ra tu re  ca rbon isa tion , and  th is  y e a r i t  is defin ite ly  po in ted  
ou t th a t  th e  B oard  does no t consider low -tem peratu re  carbon is
a tio n  as necessarily  th e  m ost im p o rta n t aspect of fuel research . 
I t  is defin ite ly  s ta ted — and if  th e  p ub lic  can only  rem em ber i t
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they should profit by it when considering prospectuses for 
these processes—th a t low -tem perature carbonisation can 
hard ly  be expected to supply oil of suitable quality  in  sufficient 
quan tity  to make the country independent of im ported oils. 
Indeed, we seem to be receding fa rth e r th an  ever from the 
hopes th a t have been en tertained  from  tim e to tim e in  th is 
respect. A g reat deal of money and brains was expended a 
few years ago upon the possibilities of power alcohol, and 
quite ap art from  excise difficulties, which no doubt could be 
overcome, i t  appears to be accepted th a t the problem  of dis
tribu tion  is such a serious one th a t  the existing  o il-d istribu t
ing organisation must be made use of, and therefore the price 
of power alcohol, even when the m anufacturing  difficulties are 
overcome, would necessarily be the same as th a t of petrol and 
petrol m ixtures. From  the report of the F u el Research B oard 
it ra th e r appears th a t it regards the greatest possible advan t
age of low -tem perature carbonisation to be in  the provision of 
a suitable solid fuel for domestic purposes, although produc
ing  a t the same tim e useful quantities of oils.

P reventing A voidable Scrap.— I t  is not sufficiently well 
recognised th a t a good deal of scrapped work can be obviated 
if the forem en and charge-hands exercise due care at the be
g inn ing  of the job. In  these days, when so much unskilled 
labour is employed, it is obvious th a t g reater responsibility  
rests w ith the forem en, for the operatives do not possess th a t 
proficiency which will enable them  to detect errors, such as is 
the a ttrib u te  of skilled mechanics, and for these operatives to  
produce accurate work it  is necessary for someone to see th a t 
the job is accurate a t the beginning. M any foremen are under 
the impression th a t because there is an inspection departm ent 
they are relieved of some of th e ir responsib ilities; b u t ac tu 
ally  it is the forem an who is responsible for the standard  of 
workm anship, and the inspector who certifies th a t  the standard  
is being adhered to. W hile the forem an has the rig h t to as
sume th a t when a job has been passed for the first operation 
by the inspector it can be p u t in  hand for the next operation 
w ithout fu rth e r question, he m ust not lose sigh t of the fact 
th a t there m ay be an  error—th is p articu la rly  when inspection 
is on a percentage basis,— and it  is his du ty  (and th a t of his 
charge-hands) to keep a w atchful eye on each job as i t  is p u t in 
hand, so th a t if there is an error it  can be detected early  
enough to prevent fu rth e r work being done u n til the fau lt has 
been rectified. M uch scrapped work is occasioned by fa ilu re
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on the p art of the forem an and his assistants to give sufficient 
a tten tion  to this aspec t; and in  one works the m atter assumed 
such serious proportions th a t special instructions were issued 
to all foremen and charge-hands. These instructions were to 
the effect th a t no scrapped work would be paid for if  the fau lt 
was one which should have been detected by the forem an or 
charge-hand prior to the operative commencing his operations. 
In  each instance the inspector sent to the forem an concerned 
a slip g iving brief details of the work scrapped, and th is  slip 
had to be signed or queried by the forem an, and sent to the 
p lann ing  departm ent. A p lain  signature denoted acceptance 
of the ru lin g  th a t the work should not be paid for, b u t a query 
signified the forem an’s dissent from the inspector’s findings, 
and an application for paym ent, signed by the forem an, ac
companied the slip to the p lann ing  departm ent. The scrapped 
metal was kept pending investigation in the inspection room, 
and was open for the forem an’s inspection. The chief p lanner 
acted as um pire between the forem an and inspector, and his 
decision had to be accepted by both parties. I t  will readily  
be understood th a t, to avoid trouble w ith  the operatives on 
the one hand, and the inspection departm ent on the other, the 
forem an would be careful to watch every job before it was 
taken in  hand. This procedure had the effect of considerably 
reducing the am ount of scrapped work, and fully  justified its 
use.

Safety in  I ndustry.— I t  has been stated th a t about three 
times as m any in-patients of hospitals are due to street-traffic 
accidents as are caused by accidents . in  industrial 
occupations. B ut while mishaps under the first category 
show a m arked tendency to increase, those under the 
second reveal a slight but d istinct im provem ent. This 
is no doubt due in  part to the safety-first movement, as well 
as to the growing appreciation by the workers of the facili
ties available in the first-aid stations of large works. But 
still m uch tim e is lost due to septic cases which arise through 
wounds not receiving early  attention. In  the case of one of 
our large steelworks, during  the first half of the year 15,093 
cases were dealt w ith at the first-aid stations. Of these, 8,128 
were for re-dressing, and 262 were treated  for illness; 48 septic 
cases were reported, and fu lly  one-half of these were not a t
tended to at the tim e of the accident. A feature was the 
num ber of accidents due to falls on the level, m any of which 
were due to the carelessness of o ther workers in litte r in g  up
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gangw ays w ith  tools, scrap, blocks of tim ber, etc. In  connec
tion w ith industria l accidents generally  the recom m endation 
of the N ational Safety F irs t Association are w orthy of note. 
These subm it th a t  the m anagem ent officials and foremen in  the 
ind ividual works should foster throughout the works a due 
appreciation of the necessity fo r avoiding accidents, and 
make it  recognised in the works th a t safety is regarded as a 
consideration of the highest im portance, and th a t all possible 
steps should be taken to in terest the workers in  the work of 
accident prevention. The safety organisation in  a works' 
should include, am ong other methods, arrangem ents for a 
works investigation of every accident occurring in the works, 
and the consideration of the methods to be adopted for pre
venting a recu rren ce ; the system atic supervision of the works, 
m achinery, and p lan t for the purpose of ensuring safety, and 
in p articu la r of seeing th a t all safeguards and other safety 
appliances are m aintained in proper order and p o sition ; the 
explanation  to new, and especially young, workers of the pos
sible dangers of the work or the m achinery or p lan t connected 
w ith th e ir w ork ; the organisation of first-aid and am bulance 
arran g em en ts; and the encouragem ent of suggestions for ren
dering  work safer.

Marine M echanical Stoking.— G reater atten tion  is now 
being concentrated upon the steam ship power p lan t, largely  
because of the form idable advance of the m arine Diesel engine. 
Some indications of th is are water-tube boilers, h igh  steam 
pressures and tem peratures of superheat, a ir  hea ting , 
“  bleeder ” tu rb ines, pulverised-fuel firing, boiler-feed m eters, 
and combustion recorders. I t  is significant also th a t m arine 
m echanical stoking for w ater-tube boilers is now commencing 
to make progress. At the  present tim e, for example, no fewer 
th an  tw enty-six vessels of the K oninklyke P aketvaart 
M aatschappi of Am sterdam  are being operated w ith  great 
success by the U nderfeed Type E ”  m echanical stokers of 
the Underfeed Stoker Company, L td . The first vessel was 
fitted in  1921, and the whole fleet are operating  in the N orth  
Sea, the D utch E ast Ind ies, and for trad in g  trips in  the F a r  
E ast generally , largely  between Jav a  and the Chinese Coast, 
using, of course, all kinds of coal, and very largely  w ith  native 
labour.

The “  U nderfeed Type E  ” design is a coking stoker con
ta in in g  a num ber of ra th e r unusual features, p a rticu la rly  in
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connection w ith the discharge of the ash and clinker at the 
sides,- and the heat of p art of the a ir supply, com bining in  a 
very ingenious m anner the coking principle for the combus
tion of coal w ith supply of heated a ir and sim ultaneous air- 
cooling of the firebars to prevent undue wear and tear. In  
operating  the stoker the coal is throw n by hand, at fa irly  long 
intervals, into a hopper in the front, subsequently fa lling  
through an opening in the bottom of this, as controlled by a 
slow-moving ram . From  th is jjoint the coal passes into a deep 
central trough, the entire leng th  of the furnace, along which 
it  is caused to travel by means of a slowly reciprocating flat 
ram  which carries the coal along on the forward stroke. This 
trough  is soon filled w ith coal, which then  flows over and 
down each side on to inclined grates a t rig h t angles to the 
trough, parallel with the boiler front, composed of inclined 
transverse bars of special design. The coal travels down these 
bars partly  by grav ity , bu t also because each alternate bar has 
a slowly reciprocating m otion which pushes the coal downward 
on the forward stroke and slides back underneath  it  on the 
re tu rn . The coal is ignited in  the trough and cokes, the 
gaseous and volatile m atter being driven off and burn t, and 
th is coking action is approxim ately completed as the 
m aterial passes on to the inclined bars, w hilst the coke is 
b u rn t as it  travels down the bars. The residual ash and 
clinker accum ulate on flat dum ping plates a t the bottom  of 
the bars. These plates work on a hinge, being supported by 
a hinge bar, which is w ithdraw n as required, so th a t the 
m aterial is dumped down on the ash floor, being withdraw n 
through  ash doors as required. The stoker m echanism  is 
actuated by a piston in the cylinder C, and is adjustable in 
speed by means of a valve, so th a t any am ount of coal from, 
say, 1  cwt. to 2 ^ tons per hour, can be supplied.

As already indicated, the distribution of the a ir  supply, 
from a m echanically driven fan, is ingenious. The a ir enters 
a trunk  under the stoker, being adjusted  as required by a ir 
dampers, and passes to a closed wind-box underneath the 
central coking trough. A portion of the a ir  is then discharged 
direct into the fuel bed through  openings or “  tuveres ”  
along the top of the trough at each side, the combus
tion a t th is stage being therefore operated with a forced blast 
of cold air. The rem ainder of the a ir  then travels past the 
tuyeres and down th rough the inclined transverse firebars, 
which are hollow and have no openings except at the bottom



NOTES. 217

end. The a ir  is therefore forced to travel down inside the 
bars, and is discharged in  a heated condition, about 350-400° 
F .,  into separate enclosed a ir  chambers underneath  the in 
clined grate . From  here the heated a ir then passes between 
the moving bars up into the  fires above in  the usual way, and 
completes the combustion of the coked m ateria l as it travels 
down the inclined bars. On these lines the passage of the cold 
a ir  down the inside of the bars first keeps them  cool, and pre
vents “  b u rn in g ,”  w hilst the resu lting  heated a ir  completes the 

combustion of the ash and clinker in  the most efficient m anner.

The power taken to drive the stoker is approxim ately 3 to 4% 
of the steam  production of the boiler, the forced d raugh t fan 
requiring, say, another ^% , assum ing, of course, non-condens
ing sets, th is  being less th an  ord inary  closed stokehold prac
tice. As a resu lt of the regu la r and progressive combustion of 
the coal on the coking principle, smokeless and efficient com
bustion is obtained w ith an average of 15-20% saving in the 
coal b ill on th is fleet of D utch steamers, in  addition, of course, 
to m uch better conditions in  the firehold.

Some Operating E xperiences w i t h  a  P tjlverised-Coal 
System*.— Some difficulties have been encountered w ith  slag
g ing  of the lower rows of boiler tubes. This slagging usually  
occurred afte r the boiler had been carry ing  about fu ll ra tin g  
continuously for 48 hours or longer. L ittle  trouble was ex
perienced when less load was carried a t n ig h t th an  in  the day
tim e, and it  has been noticed th a t m uch slag which had ac
cum ulated when operating at h igh  ra tin g  fell off when the 
ra tin g  was reduced for several hours. On one of these occa
sions, when a high ra tin g  had been m aintained for longer 
th an  48 hours, an a ttem pt was made to cause the slag to drop 
by increasing the excess air, bu t th is  apparen tly  had little  
effect. One proposal advanced to prevent th is  trouble was to re
move every other tube in  the bottom row of boiler tubes, which 
would mean th a t the spacing of this bottom row would then  be ap
proxim ately  the same as th a t  of the w ater screen, and, con
sequently, slagging would be g reatly  reduced. The boiler 
m anufactu rer has recommended against removal of these tubes, 
and, instead, suggests removing every other tube in  the  lower 
row and in sta llin g  deformed tubes which would have a drop 
of 7in ., thereby accom plishing the same resu lt w ith no loss in 
h ea ting  surface.

* A bstract of paper by A. L. Pennim an, junr., and F . W . Quarles, presented a t a 
meeting of the A .I.E .E.



218 NOTES.

The a ir heaters are arranged w ith s tra igh t vertical flue gas 
passages and U-shaped a ir passages, the air entering and leav
ing on the same side of the heater, thereby providing very 
unequal resistances to flow in the a ir lanes. The result of 
th is was a wide spread in  the a ir tem peratures leaving the a ir 
heater, there being about 200° E . tem perature difference be
tween the top and bottom of the duct discharging a ir from the 
heater. A deflecting-type baffle was applied to guide the a ir 
towards the lanes having the longer paths. A nother scheme 
which was also experim ented w ith, consisted of adding re
sistance at the a ir  in let to the shorter paths, the increased re
sistance to flow of a ir being obtained by the application of 
m etal strips. The two schemes m ateria lly  helped the situa
tion, and were of about equal m erit, although neither atta ined  
the desired result. Both schemes are objectionable from the 
standpoint of power loss caused by the increased duty  placed 
on the forced-draught fans. The air-heater m anufactu rer is 
now tak ing  the necessary steps to improve the perform ance of 
th is apparatus.

The bearings on the prim ary  a ir and induced-draught fans 
are of the ring-oiled type, provided w ith an in tegra l oil cooler 
bu ilt info th e ir bases to elim inate the necessity for separate 
oil pum ps for the circulation of the oil, and also to perm it the 
use of harbour w ater for cooling. There was some trouble 
from the leakage of w ater into the oil reservoirs, which was 
elim inated by a slight change in  the design of the coolers.

The induced-draught fans are of the p late type, because of 
the h igh  duty  imposed by the requirem ent of hand ling  135,000 
cub. ft. per m inute of 450° F . gases against a static head of 
15-8 in. of w ater. These fans have given excellent service, 
except for some slight vibration due to the bearing pedestals 
being somewhat lig h t. This has been corrected by the app li
cation of bracing. Two failures of an induced-draught fan 
motor have occurred, the reason for which cannot be ascribed 
to overload or fau lty  control.

F ive failures of fin tubes constitu ting  the back furnace wall 
have occurred. These tubes have all failed in the same 
m anner and almost at the same spot— nam ely, the outside of 
the top bend of the rear wall tiibes near the sides of the fu rn 
aces. In  one case a large bulge was noticed before an actual 
rup tu re  occurred. The w ater circulation is to be investigated
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to determ ine w hether or not there is considerable difference in  
rap id ity  of w ater circulation in  different parts of the back 
wall. The obtain ing  of th is in form ation will no doubt make 
possible a satisfactory analysis of this condition.

Because of the h igh  ra tin g  for which these boilers are de
signed, it was necessary to supply two 6 in . feed w ater re 
gu la ting  valves. I t  was found th a t the therm ostatic tubes of 
the feed-w ater regulators were not sufficiently powerful to 
operate the valves properly. New pistons were designed by the 
m anufacturer in  an effort to reduce the fric tion , which was 
apparently  caused by w ater flow, since the fric tion  was quite 
low when no w ater was flowing through  the valves. The new 
pistons did not prove en tire ly  satisfactory, and a tten tion  was 
directed towards the use of hydraulic power, u tilis in g  the 
therm ostatic tube to actuate only a pilot valve. Operation 
was so m uch more satisfactory th a t the m anufacturer equipped 
all the regulators sim ilarly .

Soon afte r s ta rtin g  the p lan t it was determ ined th a t the 
m oisture content of the steam leaving the boiler drum s was 
h igher th an  desirable. The boiler m anufactu rer has de
veloped and installed  a new type of baffle, which has produced 
excellent results. This im provem ent should be of m uch 
benefit in  the m ain ta in ing  of cleaner surface on the in terio r 
of the superheater tubes, since the m oisture, of course, carried 
solids in solution. I t  also will reduce the du ty  on the super
heater for a given tem perature of steam  leaving the super
heater.

The p lan t operated for a large portion of the year 1927 w ith  
lower superheat th an  the design value. I t  was held advisable 
to delay the ra ising  of the steam  tem perature u n til  o ther ap
paratus which would influence the result had been tuned  up. 
Ju s t recently  the baffling of the gas passage a t the  superheater 
has been changed to give the desired steam  tem perature. The 
rem aining feature to be reckoned w ith is the pressure drop of 
the steam th rough  the superheater, th is being approxim ately 
35% h igher th an  expected.

As to the m atter of combustion control, several difficulties 
were experienced in  the bu rn ing  out or breaking down of coils 
and grounding  of w iring. D ischarge resistances were pro
vided to lessen the  inductive kick from the coils, and wire w ith



2 2 0 NOTES.

T arnished  cam bric  in su la tio n  was used in  th e  contro l boxes to 
w ith s tan d  th e  oily  atm osphere. The pole-changing- fea tu re  
o f th e  m otors con tribu ted  some com plications on account of 
th e  necessity  fo r p ro v id in g  contro l overlap .

The combustion control is norm ally set to m ain tain  a 15% 
C 0 2 average across the section of the boiler gas outlet. This 
setting  is interfered w ith to some extent by a varia tion  in 
feed-water tem perature. This is particu la rly  so if  the two 
higher pressure feed-water heaters are cut out of the circu it 
a t 20,000 to 35,000 k.w. load on one boiler. An attachm ent 
has been designed quickly to correct the m eter for th is con
d ition  and is being installed. The combustion control which 
we have installed  is not suitable for quick changes in  load, 
this having  been dem onstrated several tim es. I t  is our usual 
practice to operate on sem i-autom atic control for the quick 
changes in  load which can be anticipated , such as the noon
tim e drop and the m orning pick-up.

There are eight 4^in. h ig h -lift safety valves on the drum  
and two on the superheater outlet of each boiler, each drum  
valve having a relieving capacity of 52,500 lb. per hour, and 
each super-heater valve 35,000 lb. per hour. W hile these 
valves have not been tested for relieving capacity, two occa
sions have arisen when the entire p lan t load lias been lost in 
which the safety valves relieved a to ta l of 380,000 lb. per 
hour satisfactorily. One of these occasions was when an a ir 
d rill penetrated the high-voltage leads from the m ain gen
erator, causing the differential relays to trip  out the oil switch 
and field breaker, the other when the th ro ttle  valve of the 
main u n it became unlatched. The leakage and m aintenance 
of these valves has been very slight, and, as a m atter of fact, 
has not been any h igher than  has been experienced at the 
W estport p lan t on 200  lb. pressure service

There are three ash gates per boiler, 4.1in. x 56in., actuated 
by oil-operated cylinders, which a t times have refused to 
move, due to fric tion , distortion, and fa ilu re of cast-iron 
plates. In  certain  places where two ferrous m aterials rub on 
each other, one of them  has been replaced by non-ferrous 
m aterial, clearances have been increased, and the cast-iron 
support plates have been reinforced w ith steel. The result 
has been almost complete elim ination of the sticking diffi
culties.
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From  “  the M arine Jo u rn a l,”  U .S .A ., of November 20th : —

T o d d  P u l v e r i s e d  C o a l  B u r n i n g  System  I nspected  a t  
L e a g u e  I s l a n d  N a v y  Y a r d . — A  la rg e  g roup  of sh ip p in g  m en, 
m arin e  eng ineers an d  o thers in te rested  in  th e  developm ent of 
pu lverised  coal b u rn in g  a p p a ra tu s  fo r m arin e  ap p lica tio n  were 
guests of W illia m  B .  T odd, T uesday , N ovem ber 13 th , a t  the  
L eague Is la n d  N avy  Y a rd , w here m ost of th em  h ad  jou rneyed  
in  special P u llm a n  cars from  New  Y ork  to  w itness th e  Todd 
P u lv e rised  Coal B u rn in g  System  w hile u n d e rg o in g  an  e ig h ty - 
ho u r continuous- te s t in  com bination  w ith  a Scotch m arin e  
b o ile r in  th e  coal lab o ra to ry  of th e  n avy  y a rd . T h is te s t is 
s im ila r  to  th e  one re c e n tly  g iven  u n d e r ap p ro x im ate  sea-going  
cond itions to  th e  eq u ip m en t, w h ich  w ith  some m odifications, 
was p laced  on th e  SS. Mercer, th e  first successful seagoing  in 
s ta lla tio n .

W hile detailed results of the test of Todd apparatus will not 
be available for several days, m any of those who witnessed the 
test expressed confidence th a t on the excellent showing already 
made, the new system will meet a ll requirem ents when applied 
to m arine use. Captain C. A. M cA llister, who was one of the 
first to see the possibilities and has been an enthusiastic cham 
pion of pulverised fuel for m arine use, spoke h igh ly  of the 
latest addition to the ranks of pulverised coal b u rn ing  equip
m ent, and others who saw a g reat fu tu re for the Todd System 
were : J .  J .  F agan , chief engineer of the SS. L evia th ian ;  Chief 
E ngineer Schneider of the N orth German Lloyd liner S u ttgart, 
and Samuel A itken, of the Moore and McCormack Company. 
M r. G ardner, of the Todd organisation, has been closely in  
touch w ith  developments, and Carl J .  Jefferson and Commander 
Brosheck, who have long since become known as experts in  the 
m arine use of pulverised fuel, were personally in charge of the 
tests.

A high  speed im pact m ill is used to obtain sunerfines from 
bitum inous screenings which are quoted $4-50 a ton F .O .B . 
New York. From  the pulveriser, the superfines pass th rough  
sm all, com pact independent d istribu ting  un its to the  burners 
which are attached to each furnace of the boiler. The units 
are arranged to allow (he use of fuel oil. The coal used for 
the tests assays 7 per cent, m oisture. D uring  the test demon
stration, the coal is fed from bins by g rav ity  conveyors, which 
d istribu te  i t  to  the pulverisers, from whence i t  is fed into the 
d istribu tors and burners by compressed air. The system gives
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excellent combustion for there is practically  no ash and no 
trace of soot in  the boiler room.

I t  is reported th a t the Todd System will soon be installed  on 
an Am erican fre igh t steam ship and also on one of the new 
freighters now build ing  for the N orth Germ an Lloyd.

M r. Todd arrived from A tlan tic  City to join his guests, who, 
following the inspection, were driven in  large busses through 
the Navy Yard under the personal direction of A dm iral 
L atim er, the Com mandant. The entire trip  was conducted 
w ith careful atten tion  to detail, which is characteristic of the 
Todd organisation. A detailed description of th is installa tion , 
together w ith results of the test, will be published in  an early 
issue of “  M arine Jo u rn a l.”

* N a v a l A r c h i t e c t s  I n s p e c t  C o a s t G u a rd  C u t t e r  Chelan .— 
In  th e  course of th e  tech n ica l sessions an  in v ita tio n  was ex 
ten d ed  to  the  m em bers of th e  Society to  inspect th e  W estin g - 
house equipped  Coast G uard  C u tte r Clielan, know n as “ T he 
F lo a tin g  P ow er H o u se ,”  w hich  was berth ed  a t th e  foot of W est 
N in e ty -s ix th  S tree t.

This rem arkable vessel, which is one of ten planned and is 
one of the five in  the first p a rt of the bu ild ing  program m e 
authorised by Congress to be equipped with turbo-electric pro
pulsion furnished by the W estinghouse E lectric and M anu
factu ring  Company. A paper descriptive of th is installa tion  
was read before the m eeting and fu rth e r reference will be 
found elsewhere in  th is issue as to particu lars of the vessel.

W hen these vessels were designed, central station power 
plants, which supply service to industry  and homes, were taken 
into consideration and the same principle was applied on ship 
board. I t  is possible under th is arrangem ent to supply power 
for ligh ting , pum ping, radio and other purposes th roughout 
the vessel directly from the m ain engine.

On her “  shake-down ”  cruise the Chelan was pu t to the 
severest test ever applied to a new vessel. Shortly afte r leav
ing  Boston she received a distress call from the New York 
N autical T ra in ing  Schoolship Newport, which had lost h e r

* This will be of interest to some of our members engaged in coast traffic abroad.
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propeller off the Berm uda. The electrically  driven cu tte r raced 
for the New port and towed her 1,500 miles to New York h a r
bour. In  th is, the severest tests were applied to all of the 
C helan’s m achinery.

The following descriptive articles—the blocks for illu s tra 
tions by which have been kindly len t to us— are from “  The 
M echanical W orld and Engineering  Record ” of Jan u a ry , 
18 th : —

T h e  M etalling  of B ea r in g s . By A. L . W alker.— In  gen
eral engineering, occasions arise when equipm ent em ploying 
p lain  or sleeve type bearings breaks down, due to excessive 
w earing of the bearing m etal. A part from specialised indus
tries as autom obile and m arine, where the lin in g  of bearings 
forms a considerable portion of th e ir activities, m uch occa
sional work is perform ed in a perfunctory  m anner, i t  being 
generally  considered sufficient to m elt the m etal, pour, and 
peen the bearing, with little  regard  to tem peratures employed 
and degree of adherence attained .

M aking or re lin ing  a bearing  involves consideration of bear
ing m etals, m ethod of pouring, preparation  of bearing shell 
and tem peratures employed.

B earing m etals employed range from lead base alloys to 
those of a h igh  copper content, and tem perature necessary for 
casting will be dependent on the type of bearing  m etal used. 
The alloy selected for the purpose in hand m ust suit the con
ditions, both as to pressure and speed obtain ing in  the bearing. 
Lead base alloys m ay be considered as suitable for slow speeds 
and low pressures. T in base alloys are especially suitable 
where large wear and tea r are encountered, as in  heavy en
gines for ro lling  m ills, cement g rind ing  m achinery, etc. 
Those contain ing a high copper content are especially adapted 
for use under h igh  speed and heavy pressure, and are not 
prone to become hot under norm al conditions.

Typical composition of each of the above type alloys are 
here given— Lead base a lloy : Lead, 7 8 |%  ; antim ony, 16^% ; 
t in,  5%. Tin-base a lloy : T in, 84% ; antim ony, 11% ; copper, 
5%. H igh  copper alloy : Copper, 6 % ; zinc, 80% ; tin , 14%.

M elting of the m etal should be carried out in a clean ladle, 
hea ting  to the pouring tem perature as quickly as possible.
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U niform  heating  is also im portant, and the m etal should be 
kept well stirred . To prevent oxidation and form ation of 
dross, a little  fine dry charcoal m ay be sprinkled over the  
m olten m etal. Pouring  tem peratures involved will be con
tin g en t upon the type of bearing m etal used, and will range 
from  310-490° C. W henever possible a pyrom eter should be 
used to indicate the tem perature. Should one not be available, 
a rough guide to pouring tem perature m ay be obtained by 
using a piece of white deal. F o r tin  base alloys and those 
containing copper the pouring  tem perature is approxim ately 
reached when the wood will ju s t ig n ite ; for lead alloys, char
ing  of the wood will indicate the correct heat.

O verheating is invariably  in jurious to the m etal, causing 
oxidation, partia l loss of the constituents, and m ay be shrink
age. A b rittle  bearing m ay result, or on the other hand the  
result m ay be too soft. Too low pouring tem perature will re
sult in  a coarse crystalline structure . The surface appear
ance of the m etal afte r casting should be b rig h t and c lea n ; a 
d irty  surface frequently  shows too high  a tem perature has been 
used.

Before pouring the m etal thorough preparation  of the shell 
is necessary. Bronze shells should be dipped or cleaned in 
hydrochloric acid and tinned  w ith pure tin . Should tin  be 
out of the question, a 50-50 solder m ay be \ised, b u t consistent 
results will not always be obtained. Steel and cast-iron sur
face should be m achined; the form er should be tinned, but the 
la tte r  requires no fu rth e r preparation . W ith  all bearings 
good anchorage of lin ing  must be secured, and shells should 
be recessed w ith dovetail ribs, or have undercut grooves to 
grip  and hold the bearing m etal. F ig . 1 is a sketch of a heavy 
bearing shell showing dovetail ribs, which m ay be cast or 
m achined in  position.



NOTES. 225

W here circum stances are such th a t bearing shells cannot be 
m achined, grease and m oisture can be removed by heat, a fte r
wards cleaning w ith acid and tin n in g  if necessary. Should it 
not be possible to heat the shell, thorough cleaning by acid 
should be resorted to.

F ailu re  in  service frequently  occurs owing to m olten m etal 
being poured into a cold shell. The liquid  bearing  m etal is 
run  into position, causing the rate of solidification to vary ; 
and, due to a ir  pockets, blowholes m ay occur. P rem ature 
shrinkage due to contact w ith the cold mould m ay also take 
place, form ing an im perfectly  filled bearing, liable to flaking 
or working loose.

To avoid these defects, bearings m ust be preheated when
ever practicable, and the tem perature employed will vary  ac
cording to the shell m etal. Bronze shells, tinned , should be 
heated to approxim ately 120° C., while steel and iron casings 
allow good form ation of bearing when heated to 230° C. 
W here steel m andrels are used as cores, i t  is advisable to  
preheat these to somewhat lower tem peratures, thus g iv ing  a 
very sligh t ch illing  effect to the bearing  surface. A tem pera
ture of 120° C. w ill suffice in  most cases. P roper preheating  
will give more uniform  shrinkage and cooling, settlem ent of 
the heavier constituents will be largely  prevented, and 
smoother flow of m etal take place.

Shafting , hard  wood, or steel plate formed to the  required  
curvative m ay be employed as cores, and should be coated w ith 
plum bago to prevent sticking of the m etal.

A fireclay basin should be bu ilt around the top to act as a 
head, and will assist in  gu id ing  the molten alloy into the 
recess.

Not the least im portan t p art of the operation is the pouring 
of the  m etal. W hen ready for use all dross should be 
skimmed from  the surface and thorough stirrin g  of the m etal 
take place to ensure th a t layers of the heavier m etals have not 
settled a t the bottom. A clean ladle is essential, and one fitted 
w ith a bridge piece is m uch the best. The bridge tends to 
prevent passage of dross and helps to regulate ra te  of flow. 
W hen pouring  a position close to the entrance hole should 
be adopted, so as to avoid ch illing  the m etal and carry ing  in 
a ir w ith  the stream  of liquid. A steady even flow prevents 
form ation of a ir  pockets, and surplus m etal should always be
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added to partia lly  counteract any shrinkage and allow slag 
to overflow.

M any au thorities recommend th a t lin ings be ham m ered 
a fte r pouring to tigh ten  the gra in  and thoroughly close up the 
pores of the m etal. W hile th is m ay have no deleterious effect 
on some of the softer alloys, i t  is a moot poin t whether it  im 
proves those possessing hard  crystals. H am m ering will u n 
doubtedly tend to shatter and crush  the hard  copper-tin' 
crystals, and if  the lin ing  is of a coarse crystal structure , in 
cip ient cracks m ay be formed w hich la te r m ay result in  service 
failure . In  any case peening should be most carefully carried 
out, and only entrusted to skilled hands.

Recovered m etal from tu rn ings m ay be used again, bu t 
should always be added to a large jsroportion of new m etal. 
Scrap should be thoroughly  clean and m agnetted to remove 
any ferrous particles.

A poor bearing m ay give effective service when well lu b ri
cated, bu t filling of the oilways due to flow of m etal under 
pressure or flaking of the lin ing  m ay have disastrous con
sequences on the functioning of the machine.

D r. E . F . W . A lexanderson, of the Am erican G eneral 
E lectric Company, a d d re s s in g  the In terna tional Civil Aero
nautics Conference in the TJnited States, claimed to have 
devised apparatus which will dispatch a wireless wave from an 
aeroplane to the ground and, by the speed of its rebound, in 
dicate to the airm an w ith the aid of coloured lam ps on the 
dashboard the heigh t of his machine. A m echanical a ttach 
m ent for use a t 10ft. or 15ft. will indicate in a sim ilar way 
when to begin landing  w ith safety in  darkness or fog.

M odern Oil  E n g in e s .-—I .  B y F . Jo h n sto n e  T ay lo r.— In  
th is , th e  first p a r t  of a p ra c tic a l series of a rtic les  on M odern 
Oil E ng in es , the  a u th o r  deals w ith  th e  D iesel E n g in e , describ 
in g  exam ples of th e  fo u r and  tw o-stroke ty p e s ; Sem i-D iesel 
E n g in es , H igh-speed  D iesel E n g in es , etc.

P rinciple of the Oil E n g in e .— The oil engine is by fa r the 
most versatile of prim e movers. I t  ranges in size from m arine 
engines, which are now being bu ilt to develop as much as
2 ,0 0 0  h.p . per cylinder and over, to ligh tw eight, high-speed 
engines, which are quite likely in the near fu tu re to replace 
the heavier petrol and paraffin motors. I t  has certain ly  not
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yet reached the stage of being suited to lig h t m otor vehicles 
or m otor cycles, nor has the gas tu rb ine , designed to utilise 
oil fuel, m ade its appearance as a m achine of practical u t i l i ty ; 
but there is no reason why such developments m ight not in  
the fu tu re  take place.

The oil engine m ust not be confused w ith  the paraffin en
gine. The la tte r  is an explosion m otor of the petrol-engine 
fitted w ith a means for vaporising the less volatile fuels. The 
fuel, inducted into the cylinders w ith  the requisite am ount of 
a ir, has to be ign ited  by electrical means. There are about, a 
dozen distinct types of oil engine in  common use a t the p re
sent day, but they  all function  on one basic princip le— th a t of 
autom atic ign ition . A ir only is drawn into the cylinder and 
compressed in  accordance w ith the usual cycle of the in terna l 
com bustion engine. I t  is a t the end of the compression stroke 
th a t the oil— a heavy viscous fuel which can be collectively 
referred to as “  Diesel ”  oil— is forced through an atom iser 
or spray-m aker into the combustion head, where the heat p re
sent ignites it. The fuel burns ra th e r th an  explodes, and thus 
gives the working stroke. The different principles of in jec
tion give rise to different types of engine, known as Diesel or 
a ir-b last injection engines, or airless or solid in jection  en
gines. Then, again, the necessary heat for ignition  m ay be 
generated by h igh  compression in w hat are sometimes referred 
to as high-com pression engines, or by a hot bulb in  the case 
of hot-bulb engines, sometimes classified as semi-Diesel en
gines. A gain, a large num ber of airless in jection engines 
work w ith low compression, and depend upon principles to be 
set forth  presently for efficient combustion. They fall into 
the category of surface ignition  engines. F u rth er, there is 
an arrangem ent known as a pre-combustion cham ber, which 
provides, so to speak, autom atic injection, and is a system 
made use of on light-w eight engines. Then, again , the two- 
stroke and four-stroke cycles are universally  in evidence, while 
double-acting engines are now becoming quite commonplace 
for large powers.

The oil engine, speaking generally , is capable of providing 
the cheapest power, no tw ithstanding  the relatively h igh  cost 
of w hat, in th is country, is im ported fuel. T hat is the only 
argum ent against the oil engine. The gas engine, even if  the 
oil engine had not stunted its development tw enty  years ago, 
could never have appeared as a practical proposition in the 
powers now atta ined  by oil engines. Oil is a concentrated
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fuel, and the am ount which can be burned per cylinder per 
stroke is only lim ited by the heat stresses in the cy linder; 
whereas gas— especially cheap power gas-—is a weak, diffused 
fuel which lim its the size of a gas engine to the practical 
size of its cylinders.

There is no indication of the oil engine ousting steam power. 
W hile  finality has not been reached in  th e ir size, oil engines 
do not yet approach those of the large turbines used in  the 
power stations or aboard ship, and, compared with the tu r
bine— and especially w ith the turbo-generator—it is a form id
able machine, and as the power increases, its superiority  on 
the fuel cost per b .h .p . hour basis decreases, u n til it becomes, 
in countries where coal is cheap, either negligible or non
existent. T hat is why we, in these islands, have nothing ap
proaching the 18,000 h .p . sets at H am burg, for instance, in 
the electrical field. The problem of the m arine oil engine and 
its com petition w ith steam  involves questions other th an ' 
mere runn ing  costs; bu t these concern naval architects and 
shipowners, and need not be discussed here. Up to about
1 ,0 0 0  h.p. for land work, a t all events, oil power, as a rule, is 
prospering at the expense of steam pow er; bu t th is m ust not be 
taken as any indication th a t either the steam engine or steam 
turb ine of moderate output is any th ing  approaching a back 
number. In  m any instances local circum stances weigh 
heavily on the side of steam. F or industrial power p lants, 
however, pum ping plants and electric power stations of mo
derate size, the oil engine builders can usually  show quite 
conclusively th a t th e ir engines can produce power more 
cheaply than  steam turbines or gas engines, and—w hat is more 
im portant— more cheaply than  power purchased under the most 
favourable conditions. The la tte r m ight appear as ra th e r 
paradoxical in  view of the favourable generating conditions 
which the power stations have, or ought to have ; bu t w hat they 
save there, the engineers themselves know only too well, is 
largely  lost in  transm ission.

F uel.— W hen, in  a la ter article, the all-im portant question 
of runn ing  costs comes to be considered, the figures given must 
be construed as being based upon the use of a good grade of 
fuel. Oil engines of the present day are often collectively 
referred to as crude-oil engines— a term  which leads to the 
assum ption th a t they  operate on crude oil. This is not so. 
Fuel oils, classified generally , are residual oils left over afte r 
refining processes, during  which the lig h t volatile substances
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and other constituents are abstracted by d istilla tion  and other
wise. “ Fuel “  oils are those grades chiefly employed for 
boiler and furnace firing, while “  Diesel ”  oil, a product now 
universally available, is specially prepared by the oil-m arket
ing concerns for use in  oil engines, and it is now supplied to 
meet standards recognised by such bodies as the Diesel E ngine 
Users’ Association, etc.

Leaving out of consideration such special fuel as refined gas 
oil on the one hand and ta r  oils on the other, which are only 
at present used under special circum stances, the choice of a 
practical fuel is lim ited  to two alternatives known to the trade 
as: (a) Diesel oil, (b) boiler oil. There is no perfectly hard  
and fast scientific definition of these two grades, bu t in  practice 
th e ir differences are generally  fa irly  sharply  defined and well 
known to all users of heavy oil, and m ay be sum m arised briefly 
by saying th a t the typical boiler oil has a sligh tly  h igher 
specific g rav ity , very m uch h igher viscosity, contains more im 
purities, has in general a g reater su lphur content and sligh tly  
lower calorific value th an  Diesel oil, and gives a g reater re
sidue on evaporation at a fixed tem perature.

The price of boiler oil is generally about 20% lower than  th a t 
of Diesel oil a t most European and Am erican ports. A.t a con
siderable num ber of E astern  ports, however, the prices of Diesel 
oil and boiler oil are identical, and therefore motor-vessels bun
kering in these oversea ports for the round voyage will n a tu r
ally  buy Diesel oil quality  only. This ab ility  to bunker for 
the round voyage a t oversea ports where fuel oil can be obtained 
cheaply, is, of course, one of the im portan t advantages con
ferred by the large radius of action of m otor vessels as com
pared w ith  steamers.

The economic problem  for the fuel-oil consumer is to deter
mine w hich will yield the best re tu rn  for the price paid, tak ing  
all re levant considerations into account.

W hile there is no difficulty a ttend ing  ign ition  and combus
tion of boiler oils in a well-designed engine, th e ir use neces
sitates more or less elaborate arrangem ents, such as purifiers, to 
elim inate d irt and water, etc., heating  apparatus to reduce the 
viscosity of the oil, and allow it  to flow freely through  the 
pipes, and to adm it of proper operation of fuel pum p and fuel 
valves, and special hea ting  arrangem ents for the sh ip ’s storage 
.tanks.
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The fu rth e r disadvantages a ttend ing  the use of boiler oil are 
those associated w ith the sticking and clogging of piston rings 
(and the consequent need of more frequent overhaul) and in 
creased wear of liners, due to the interference w ith proper 
lubrication  caused by gum m y deposits on the cylinder walls.

In  the vast m ajority  of cases there can be no doubt th a t  the 
sim plicity  of the fuel arrangem ents and the m inim um  demands 
for overhaul which result from the use of Diesel oil enable an 
over-all economy to be secured in excess of any th ing  th a t can 
be obtained w ith boiler oil, w ith its a ttendan t expenditure on 
heating  and purify ing , and also the ex tra  atten tion  and m ain
tenance which the use of the la tte r  fuel involves.

The difference of cost of the two kinds of fuel is so small th a t 
the apparent saving of any th ing  up to 2 0 % of the fuel b ill, 
which appears at first sight to be available by using the cheaper 
fuel, p ractically  disappears iu reduced calorific value, foreign 
m atter, h igher coking figure, and higher w ater content, apart 
from the considerations mentioned above, so th a t actually , the 
consum ption of an engine using boiler oil, when reckoned on a 
b .h .p . day basis for fuel only, will usually  be practically  as 
much as th a t of an engine using the nom inally  more expensive 
Diesel oil.

Properties of F uel Oils for In terna l Combustion E ngines .—- 
O ther th ings being equal the fuel consumption of an oil engine 
varies inversely as the calorific value of the oil, so th a t the 
m axim um  economy results from the use of oil w ith the h ighest 
hea ting  value. Published results ought to state w hat th is 
value is if a true comparison between engines is to be m ad e ; 
a t the same tim e the calorific value of suitable fuels does not 
vary to any great extent, a good Diesel oil, for instance, having 
a value between 19,000 and 19,500 B.Th.TT. per pound. In  
reference to their productions, Shell Mex state th a t Diesel oil is 
produced w ith a regard to the exact requirem ents of the m odern 
heavy oil engine. In  use it  w ill be found to give m axim um  

combustion efficiency at all load factors w ith m inim um  clean
ing and m aintenance costs. I ts  physical characteristics show 
th a t in all respects i t  complies w ith the specification “ A '’ of 
the B ritish  S tandards Fuel Oil No. 1 for heavy oil engines. 
This oil requires no preheating  or filtration. F uel oil is a 
heavy fuel p rim arily  intended for furnace firing, and m ay be 
used on those engines where special provision is made for the 
u tilisa tion  of th is type of oil.
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In  respect of a th ird  grade, classified as gas oil, they state 
th a t gas oil is a d istillate fuel which vaporises readily , and is 
consequently most suitable for old-type engines not possessing 
perfected injection devices of modern types, and for certain  
m edium -pressure engines in which the tem perature conditions 
do not perm it of heavy fuels being employed. W ith  regard  to 
the physical characteristics of this grade, atten tion  is drawn 
to its particu la rly  h igh  calorific value, and its entire freedom 
from hard  asphalt and im purities. Needless to say, Shell gas
oil complies w ith the specification “ A ” of the B ritish  S tan
dards F uel Oil No. 1 for heavy oil engines. This oil requires 
no preheating or filtering.

Viscosity : Im p u rities .— The facility  w ith which the oil may 
be pumped and otherwise handled by the fuel system depends 
upon its viscosity. H eavy fuel oils require hea ting  before they 
can be efficiently h an d led ; bu t Diesel oils of good grade should 
not require th is under norm al conditions. The tem perature 
a t which oil w ill cease to flow is technically  term ed the “  set
tin g  p o in t,”  and heavy fuel oils require heating  even at a 
tem perature considerably h igher than  th e ir setting  point before 
pum ping is possible.

As regards im purities, these m ay be cited as asphalte, su l
phur, and solid m ineral m atter. Oils w ith  a h igh  asphalte 
content are not in general use for I.C . engines, being chiefly 
used for boiler firing. W hile  fuels w ith a h igh  asphalte con
tent can be efficiently burned in engines suited to them , they 
always contain a relatively  large proportion of w ater and solid 
m ineral m atter, and it  is generally  undesirable for the hard  
asphalte content to exceed 2 %, which is the allowable content 
in B ritish  S tandard  Fuel B. 2. S u lphur is not now considered 
sufficiently harm ful to w arran t desulphurisation of fuel. The 
corrosive products due to sulphurous and sulphuric acids are 
only formed when the products of combustion are cooled suffi
ciently  to allow of su lphur dioxide and triox ide being1 dissolved 
in  water. A t tem peratures above 210° the presence of su lphur 
compounds in the exhaust gases cannot exert any harm fu l 
effects, and so fa r as the engine cylinder is concerned, no part 
will be at a tem perature at which corrosive liqu id  would fo rm ; 
bu t the po int should be borne in  m ind when it  is proposed to 
use the exhaust gases for low -tem perature hea ting . The pres
ence of m echanical im purities is fa r more im portan t. All 
m echanical im purities should be removed before the oil is ad
m itted  to the fuel system. I f  th is is not done the la rger 
particles will cause sticking of the fuel pum p and clogging of
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the atom iser, while any line particles which may pass into the 
cylinder will become deposited and cause rapid  abrasion of the 
piston and cylinder liner. W ate r is a frequent cause of erra tic  
runn ing , the same as it is in the petrol engine. Any good 
standard  Diesel oil should be practically  free from im purities 
and from water, and should show an ash content, which is in 
dicative of the am ount of im purities present, not exceeding 
0-01%. I f  it is required to use oils in which im purities are 
known or suspected to exist, resort m ust be had to the cen tri
fugal system of purification, though heating , filtering, and 
settling  will effect a certain amount of purification in an em erg
ency.

Diesel E ngines .—From  w hat has been said it will now be 
appreciated th a t the basic principle of the oil engine is th a t of 
burning oil, much of the consistency of ta r , directly  in  the 
cylinder. There are a good m any considerations leading up to 
the efficient combustion of this fuel so th a t the engine will 
function regularly , as modern types do, with a consum ption of 
0-4 lb. to 0-5 lb. per b .h .p . hour according to type; b u t these 
are deferred for the moment un til the subject of airless in 
jection is dealt w ith. There are two principal means of hand
ling the fuel in an oil engine. One is the aforem entioned a ir
less injection, which has been all bu t perfected during  the last 
fifteen years, and the air-blast injection which was used bv 
Diesel. The term  “  Diesel engine ”  is, in Am erican parlance, 
applied indiscrim inately to all oil eng ines; but in th is 
country it  is used in its  proper significance, for engines w ith  
air-blast injection. W hether the engine be two-stroke or 
four-stroke, single-acting or double-acting, the m ain point of 
difference lies in the fact as to whether it is a Diesel engine 
or an airless-injection engine. W hile  airless injection is a 
more recent development th an  air-blast in jection, it  is not 
necessarily a better proposition. I t  elim inates the necessity 
for a high-pressure a ir  compressor, and has thus, am ongst 
o ther th ings, been the means of sim plify ing and cheapening 
the oil engine of m oderate power, and, in fact, of popularising 
its extended u s e ; bu t for large engines and those which operate 
on the very lowest grades of oil, the air-b last system rem ains 
supreme, despite the fact of the high-pressure a ir  compressor 
adding to the cost of the engine and absorbing a certain  
am ount of power. I t  thus comes about th a t the use of the 
Diesel principle has declined for powers under 1,000 h .p . or 
thereabouts, and it m ay eventually  be superseded altogether by 
airless injection.
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The representative four-stroke Diesel engine produced in  
this country for general industrial work and electrical power 
generation is th a t built by M irrlees, B ickerton and Day, of the 
four-cylinder, vertical, tru n k  piston, open type, working a t a 
speed of about 20 0  r.p .m . and developing on an average 
50-100 h .p . per cylinder. I t  is practically  a standardised 
engine of world-wide repu tation . An im portan t feature is the 
fuel valve, upon which so much depends. I t  is shown in 
F ig . 1.

The valve, which is of the packingless type in  general use, 
consists of two m ain parts— an upper p art A and a lower one 
B. These are joined together by means of a double ball-and- 
socket jo in t C. The provision of this jo in t removes the 
necessity for the absolute alignm ent of the upper p art of the 
valve w ith  the lower. Hence, should it happen th a t the bolts 
D securing the fuel valve casing are unequally  screwed down, 
tiltin g  the upper casing and causing a sligh t error of a lig n 
m ent, th is error will not affect in any way the proper working 
of the fuel valve.

Fig. 1.—Diesel Engine Fuel Valve (Mirrlees).
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A t the top of the upper fuel valve casing a valve face F , 
resting on a lower seating, will he noted. I t  is th is face 
which prevents a ir  leakage past the fuel valve. W hen the 
valve face is in position on its seating the lower end of the 
fuel valve also rests on its conical seat above the flame plate. 
To ensure accurate seating a sligh t am ount of play is allowed 
between the top and bottom face of the fuel valve spindle, and, 
furtherm ore, a spring is provided between the two parts of the 
valve stem.

W hen the valve lever lifts the fuel valve spindle the top 
valve face F , already referred to, is raised from its seating, 
and any a ir leakage then  depends on the quality  of the fit of 
the fuel valve spindle in its bush. The lif tin g  period con
stitu tes, however, only a fractional p a rt of each stroke, and 
any leakage past the spindle which m ay occur during  these 
very short intervals of tim e is quite negligible.

Space does not adm it, under th is heading, of details of o ther 
good designs of Diesel engines being given, a lthough other 
types will be dealt w ith in  due course, bu t m ention m igh t be 
made of the Tosi director valve, a feature of the Beardmore- 
Tosi m arine engine, but not necessarily confined to m arine 
work. W ith  th is  arrangem ent one valve functions as the in let 
and exhaust valve, as shown by F ig . 2, and tends to sim plify 
the cylinder head.
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The valve functions in the usual m anner, and is shown open 
to exhaust. On the completion of the exhaust stroke the 
director valve on the left is moved by the eccentric shown 
dotted, and worked by the cam shaft to close the exhaust pas
sage and open the a ir  passage above, the poppet valve closing 
after the suction stroke.*

F l e x i b l e  P i p e  J o i n t s . A n  I n t e r e s t i n g  I n s t a l l a t i o n  
O v e r  t h e  T a y  B r i d g e .-—E xtended use is now being made of 
the ingenious “  Y ictaulic ”  flexible pipe jo in t described some 
tim e ago in these columns. In  th is connection we give an 
in teresting view of a lOin. water m ain fitted w ith these pipe 
joints and laid across the Tay Bridge. This pipe-line belongs 
to the Dundee W ater Commissioner, the engineer and m anager 
being Mr. George B axter, A .M .I.C .E .

In  the early p art of 1927 i t  was necessary to renew the water 
pipe-line crossing the Tay B ridge, and the orig inal specification, 
drawn up by the London and N orth-E astern  R ailw ay Company, 
stipulated  th a t the spigot and faucet jo in ts should be employed. 
However, it was pointed out by Mr. B axter th a t the 
la tte r was not the best method, especially as the m ain had to 
be replaced as quickly as possible, the work being m ostly u n 
dertaken on Sunday, when the railw ay traffic was a t a m in i
mum, and for th is reason “ V ictaulic ”  jo in ts were used in 
stead, one of the wTell-known advantages, of course, being the 
rap id ity  of fixing, which only requires 2-3 m inutes per jo in t. 
O riginally  137 jo ints were fitted on th is new m ain, bu t sub
sequently i t  was extended still fu rth er, and 206 additional 
joints were delivered.

The m ain is of steel, lO^in. outside diam eter by 5 /16 th  in. 
thick, supplied by Stewarts and Lloyds L im ited, w ith the 
usual lip  or shoulder to suit the “  Y ictaulic ” ring  housing, 
w hilst also the m ain was lined inside w ith  bitum inous com
position |r n .  thick.

One notew orthy advantage of the jo in t, shown by th is in 
stallation over the Tay B ridge, is the  considerable am ount of 
end play possible w ithout any sign of leakage, thus allowing 
the whole pipe-line to expand or contract long itud inally  to a 
considerable degree in  accordance w ith  the n a tu ra l movement

*  T o  th o se  in te r e ste d  in  th e  p r o g re s s  o f th e  In te r n a l C o m b u stio n  E n g in e ,  i t  m a y  b e  n oted  
th a t  th e  P a p e r s  r e ad  a t  th e  I n s t itu te , a f te r w a r d s  re p r in te d  a n d  b o u n d , a r e  s t i l l  a v a i la b le  a t  
12/6 p e r  v o lu m e.



of the bridge itself. This, of course, is impossible w ith any 
form of rig id  jo in t, which therefore entails the provision of 
expensive and com plicated expansion bends of special types 
of expansion jo in t which are notoriously a troublesome and 
costly addition.

2:36 NOTES.

Erom “ The E lectrical Review ”  of February  8 th :  —
T he  Shannon W ateb-po w eb  Schem e . T he  R iv e b  Shannon 

H ydbo-E lectbic  P ow eb  D evelopment Scheme and i t s  
E c o n o m i c  C o n s e q u e n c e s  to the  I b is h  E eee  State . (E x tra c t 
from  a p ap er read  before the  R oyal Society of A rts ) .— W ith o u t 
en te rin g  in to  m uch e lec trical or genera l m echanical d e ta il, M r. 
George E le tch e r described the  m ain  h y d rau lic  and  e lec trica l 
aspects of th e  schem e and  gave a sh o rt account of th e  h isto ry  
th a t  has led up  to  its adop tion . The a u th o r was a m em ber of 
the  Sub-C om m ittee of the  B oard  of T rade  w hich d ea lt w ith  the  
w ater-pow er resources of Ire la n d , concern ing  w hich he read  a 
p ap e r before the  R oyal Society of A rts  in  1922. The Com
m ittee  agreed  th a t  such large  rivers as the  S hannon  should be 
in  the  contro l of a D ep artm en t of S ta te , and  the  p ap er re la ted  
how in  Septem ber, 1924, th e  F ree  S ta te  G overnm ent subm itted  
th e  schem e p rep ared  by th e  Siem ens S chuckert Co. to fou r 
experts  (M essrs. W ald em ar B erg q u is t, of S to ck h o lm ; E u g en  
M eyer-P eter, of Z u r ic h ; Thom as N orberg  Schulz, C h r is t ia n ia ; 
and  A r th u r  E . R ohn , of Z urich) fo r rep o rt, and  the  schem e 
now  in  p rogress was passed by  th e  D ail E irean n  on A pril 3rd , 
1925, the S hannon E le c tr ic ity  A ct b e ing  passed in  .Tune of the 
sam e year.

A fter a general account of the hydraulic and civil engineer
ing features of the scheme, it was pointed out th a t electricity 
would be generated at 10,500 volts, the pressure being then 
stepped up to 110,000 and 38,000 volts for distribution over 
nearly the whole of the Free State. The 110,000 volt lines, 
which formed the prim ary  d istribu tion  system, would run  from 
A rdnacrusha to D ublin (six conductors) and from A rdnacrusha 
to Cork (three conductors), distances of 116 and 59 miles, re
spectively; a t each of those points would be installed 1 1 0 ,0 0 0 /
38,000 volt transform ers. The 38,000 volt secondary system 
was arranged for loop d istribution which, when completed, 
would cover some 1,040 m iles; a t certain  points would be in 
stalled transform ers of 38,000/10,000 volts, which would supply
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•other subsidiary networks serving various towns and villages 
where the pressure would be transform ed down to 380 and 220 
volts adopted for industrial and domestic users. The 110,000 
volt lines would be supported on la ttice  steel masts in  the 
sou thern  area and on wooden poles in the northern  area, w hilst 
wooden poles were used exclusively for the 10 ,0 0 0  volt lines. 
The erection of the transm ission lines was the first work taken 
in hand and was now in a very advanced stage. R apid  progress 
had been made w ith the generating  station and it appeared to 
the au thor probable th a t supplies would be available by October 
■of th is year.

The la tte r  p a rt of the paper was concerned w ith the economic 
•effect of the scheme upon the national life of the Ir ish  F ree 
.State, which point was dealt w ith m ainly  also in  the discussion. 
A lthough some people were still most concerned about w hether 
th e  scheme would pay, the au th o r’s view was th a t the w ater
power resources of Ire land  should be u tilised  w ithout w aiting 
for a m athem atical dem onstration th a t any such scheme as the 
Shannon would be a financial success; a t the same tim e he 
though t th a t financial success was assured. The position to be 
faced was th a t the population of Ire lan d  was still declining, 
notw ithstanding th a t it had already fallen  from  over eight 
m illions to sligh tly  over four millions in 50 years and the area 
•of land tinder crops had also fallen a t about the same ra te . 
M any once-flourishing towns were fa llin g  into decay and had 
'ceased to provide for the needs of the ru ra l areas surrounding 
them , and articles which they  once m anufactured were now im 
ported. T hat unhappy state of th ings was due largely , bu t 
•not en tirely , to lack of fuel resources; to-day industry  in  the 
Ir ish  F ree S tate called for cheap power. Therefore, the 
p rim ary  need of the F ree State was cheap electricity  for power 
and ligh ting , w hich it would be the function  of the Shannon 
scheme to provide. There were approxim ately  130 towns and 
villages w ith a m inim um  population of 500 in  which no elec
tr ic ity  was available a t present, b u t contracts had  been placed 
for the erection of d istribution networks in  more th an  30 of 
them . I t  was not possible a t th is stage, continued the au thor, 
to estim ate to w hat extent the supply would be availed of by 
the agricu ltu ra l industry , b u t w ith adequate propaganda it 
was certain  to p lay a very im portan t p a rt in  the staple national 
industry .

Prof. T. W ibberley said th a t not only was it  necessary to 
e lectrify  industry  in  Ire land , b u t also to electrify  the m en
ta l i ty  of the people to get a new outlook and to encourage them
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to live for the fu tu re . H e looked to the scheme p laying an 
im portan t part, not so much in the application of electricity  to 
agricu lture, as to the m anufacture of' synthetic nitrogen for 
the purpose of fertilisation. He spoke of the m any ways in 
which electricity  could also be applied w ith successful results 
to the farm , and instanced m any of the th ings which some 
people have had the opportunity  of seeing on Mr. R . Borlase 
M atthews’ all-electric farm .

Mr. LI. B. Atkinson said th a t a few days prior to the m eet
ing he had had the opportunity , w ith the president of the In 
stitu tion  of E lectrical Engineers, of going over the Shannon 
scheme and the work being carried out, and in one respect the 
paper had disappointed him , inasm uch as it did not deal so 
much w ith the economics of the scheme as the title  would lead 
one to hope. The whole th ing  was on a much more vast scale 
than  the au th o r’s illustrations indicated, and in  m any respects 
he had not seen elsewhere in Europe such wonderful m achinery 
as was being used in  connection w ith the Shannon scheme. 
E ventually  180,000 h.p . would be available and the g reat ques
tion was w hat was going to be done w ith it. P rof. W ibberley 
had spoken of its connection w ith the m anufacture of synthetic 
nitrogen, bu t the more advanced processes of m anufacture of 
synthetic nitrogen had nothing to do w ith water power u tilisa 
tion and the production of electrical energy, bu t were ra th e r 
ca ta ly tic processes for u n itin g  nitrogen w ith o ther m aterials. 
A t the same tim e, the feature of the Shannon scheme was th a t 
it was a gesture of a change which was coming over Ire land , 
and from th a t point of view the scheme was more th an  an 
engineering scheme. I t  was an economic and psychological 
gesture th a t Ire land  intended to change her methods and come 
into line w ith m odem  conditions, i f  th a t was the case, then 
the whole outlook for industry  and farm ing  in  Ireland  would 
change in a rem arkable way, due to the influence of the supply 
of electricity  which would soon be available from the Shannon 
scheme. I t  m ight in terest constructional and electrical engi
neers to know th a t  of the to ta l cost of roughly £ 5 ,000 ,000  no 
less than  £2,500,000 was being spent on the civil engineering 
work; another 40 per cent., or £2,000,000, would represent the 
overhead lines, and only £500,000 was represented by the mov
ing  m achinery ; thus there would be very little  m aintenance 
of m achinery. The moving parts of the turbines weighed 480 
tons and revolved 150 r.p .m . One of the most in teresting 
features of the  tu rb ine p lan t was the bearings, bu t in  spite
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of the heavy weights involved it had been found th a t the 
M ichell type acted perfectly satisfactorily  w ithout the need for 
pum ping oil into the bearings.

M r. R . Borlase M atthews said he had been p articu la rly  in 
terested in  w atching the Shannon works grow. One point th a t 
had appealed to him  was th a t  the first th in g  the contractors 
did was to build generating  p lan t for use on the works and 
the whole of the constructional work had been carried on w ith 
the aid of electrically-operated m achinery. A num ber of diffi
culties had been encountered which had probably delayed the 
work for six m o n th s; first there had been a strike, then  trouble 
arose because w hat had been thought to be rock tu rned  out to 
be soft earth , w hilst earth  which was though t to be soft tu rned  
out to be rock. I t  was quite likely th a t a series of small sta
tions th roughout the country would have been more economical, 
bu t he doubted whether such a policy would have made the 
wonderful psychological appeal to the nation th a t the present 
one had. The statem ents of the  enormous am ount of power 
available would, he believed, lead people to adopt e lectricity  
much more rap id ly  th an  they  would if sm all local steam sta
tions had been erected. In  the Irish  F ree S tate he believed 
the agricu ltu ra l load would eventually  be g reater than  the in 
dustrial load, and th a t one of the great uses would be for 
electric ploughing. There were rum ours of model all-electric 
farm s being equipped in Ire land , and there was no better form 
of propaganda.

M r. Theodore Stevens asked the au tho r w hether the figures 
quoted in  the experts’ report on the Shannon scheme were to 
be taken as applying to the m anufacture of n itrogen com
pounds. They spoke of from 0-35d. to 0-15d. per kW h a t the 
Shannon works, bu t he happened to know th a t the carbide 
which had to be made before the cyanam ide could be produced 
was made by the Albic Carbide Co. in  Norway when its elec
tric ity  was costing 25s. per h .p .-year. W ould the present 
Shannon p lan t have sufficient power available, a fte r supplying 
the needs of D ublin , for m anufacturing  n itrogen compounds? 
The figure in the experts’ report was an  annual ou tput of 
150,000,000 kW h, which represents 48,000 kW  as the peak 
load. The average load worked out a t about 17,000 kW , and 
therefore there did not appear to be a lot le ft fo r m anufacturing  
nitrogen compounds.

The A uthor, rep ly ing  to  the discussion, said th a t, a lthough 
he was a g rea t believer in  synthetic nitrogen, he was not sure 
th a t i t  would be made by the  Shannon p lan t. The question at
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issue was the price, and he did not see how the Shannon could' 
compete w ith Norw ay; moreover, he believed th a t n itrogen 
would be obtained eventually from peat in  Ire land  before i t  
was obtained from w ater power, because in  the peat deposits 
there were conditions very favourable for the m anufacture of 
calcium carbide and calcium cyanam ide. W hilst agreeing w ith 
Mr. Borlase M atthews th a t electricity m ust be got on to the 
farm s by in troducing labour-saving appliances, he did not 
th ink  the agricu ltu ra l use would become greater than  the in 
dustrial use of electricity.

C o n d e n s e r  T u b e  P l a t e s .— In  “  B ritish  M achine Tool E n g i
neering ”  of M arch /A pril, 1928, there is a descriptive artic le , 
with illustrations of a condenser tube p late d rilling  m achine, 
made by Messrs. K endall and Gent, M anchester. I t  is an in 
teresting machine.

C a r r i a g e  o f  F r u i t .— Some tim e ago we noted and directed 
atten tion  to the inw ard condition of some good looking apples, 
the outw ard appearance was tem pting, bu t the heart was bad. 
The causes leading to the deterioration led to investigations 
into a cold storage disease and its prevention, and the following 
appeared in “  Ice and Cold storage,”  October, 1928, on the 
subject, w ith illustrations showing how apples are affected by 
conditions under which they  are carried in tran sit. Dr. 
K apadia invented a machine to carry ripe fru it from the E ast 
m any years ago, and from the tests witnessed it  seemed re
liable for the purpose, b u t it  does not appear to have been 
adopted to any ex ten t: —

S o g g y  B r e a k d o w n  i n  A p p l e s .

The Iowa A gricu ltu ra l E xperim ent Station has recently  
issued a bulletin  by H . H . P lagge and T. J .  M aney on “ Soggy 
Breakdown of Apples and I ts  Control by Storage Tem pera
tu re .”  A low tem perature type of breakdown on apples th a t 
occurs at the cold storage tem peratures usually employed is 
described in  the bu lletin . This disease, which was previously
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noted by P lagge,*  tbe w riters believe to be tbe same as the 
“  in ternal breakdown ”  reported in  E ngland  by K idd and 
W e stt and in  New Zealand by M cClelland and T ille r.+ As 
the disease occurs prem aturely  and always a t tem peratures 
below a certain  level, i t  is considered different from  the break
down occurring as a result of senility . A lthough the disease 
is somewhat sim ilar to in terna l brow ning reported chiefly on 
Yellow Newtown as grown in the P a jaro  V alley in C alifornia, 
it  is not identical.

This type of breakdown has, therefore, been term ed “  soggy 
breakdow n,’’ in order to distinguish it clearly from the so- 
called “  in terna l breakdown ”  or “ physiological decay.”  Tbe 
writers have also adopted the term  “  m ealy breakdown ”  
for tbe la tte r  to d istinguish  it  from soggy breakdown. §

E ffect of Tem perature .-—E xperim ental results for three years 
have shown th a t  soggy breakdown is caused by low storage tem 
peratures, which, however, are not sufficiently low to cause 
freezing in ju ry . I t  has been found th a t Grimes which have 
been held in  common storage houses or a t sligh tly  h igher tem 
peratures th an  those usually  recommended for cold storage 
have kept considerably longer th an  the fru it  held a t the usual 
<;old storage tem peratures. Grimes stored a t 34° to 36° F . 
kept m uch more satisfactorily  w ith respect to soggy breakdown, 
eating  quality , and sale value, and were superior to Grimes 
stored at 30° and 32° F . W hile  low tem perature was found to 
be the m ain causal agent of soggy breakdown ; o ther con tribu t
ing factors have considerable influence.

Influence of P icking  T im e .— M aturity  at harvest tim e and 
delayed storage a t o rdinary  tem peratures have affected the 
development of the disease. F ru it  picked a t the beginning  of 
the harvest was found to be more susceptible w ith  delayed stor
age trea tm ent th an  when stored im m ed ia te ly ; while fru it 
picked at the close of the harvest season was found to be more 
susceptible w ith less delay before storing. W enatchee district 
Grimes, which had reached eating m atu rity  when placed into 
cold storage, became proportionately less susceptible to soggy

* Plagge, H. H. 1925. Soft-Scald  and  B reakdow n of Apples as Affected by S torage 
T em peratu re . In  P roc. Amer. Soc. H ort. Sci. 22:58-66.

t  Kidd, F., and  W est, O. 1925. F unc tiona l D iseases of Apples in  Cold S torage. 
Dept. Sci. and  Indus. Res., Food Investiga tion  Bd., Spec. R ept. 23.

t  M cClelland, N., and  T iller, L. W. 1925. Cold S torage Investiga tions, Season 
1925. C aw thorne In s titu te , Nelson, N.Z.

§ Inasm u ch  as th e  te rm  “ breakdow n ” h as  a lready  been applied  to  th e  disease, 
the  w rite rs  conclude th a t  i t  is p referab le  to  re ta in  th is  term . The te rm  “  soggy ” has 
been adopted  as i t  denotes th e  sogginess or sponginess of affected fru it.  T his also 
is in c o n tra s t to th e  m ealiness of “  old age decay ” or “ m ealy breakdow n.”



242 NOTES.

breakdown as the delayed storage period was lengthened. 
Grimes from  Iowa and M ichigan, which had not yet reached 
an edible m aturity , became proportionately more susceptible 
to the in ju ry  as the delayed storage period was lengthened.

In  another experim ent Grimes were stored im m ediately at 
36° F . and held there for four weeks before removal to a room 
having a tem perature of 30° F . In  th is p a rticu la r lo t more 
soggy breakdown developed th an  in  either of the check lots, 
which were stored at 30° and 36° F . continuously. Two other 
lots, one held at 36° for six weeks and the other for eigh t weeks 
a t 36° before placing a t 30° F .,  showed a proportionate reduc
tion in  soggy breakdown according to the tim e in  storage at 
36° F . A pparently  apples m ay become peculiarly  susceptible 
to soggy breakdown when the storage tem perature is lowered 
below a certain  level afte r periods of exposure to ra th e r h igh  
tem peratures.

The Respiratory A c tiv ity .—K idd and W est have shown th a t 
a fte r an apple is picked the respiratory activ ity  (which pre
vious to p icking had reached a m inim um ) increases very 
rap id ly  at ordinary  tem peratures. This ra te  of increase con
tinues un til a m axim um  is reached, afte r which a m inim um  
is again approached. The tim e required for the respiration 
rate to rise from the m inim um  to the m axim um  is greatly  in 
fluenced by tem perature. Magness and B allard  have shown 
th a t a sim ilar condition exists in  the case w ith B artle tt pears 
held a t 59° F . They reported th a t the respiration ra te , as 
measured by carbon dioxide output, was g reatly  accelerated 
from the tim e the fru it was picked u n til it become soft yellow 
ripe.

B urroughs found th a t W agener and W ealthy  apples, when 
held at 68-5° F ., decreased in the respiration ra te a fte r a m axi
mum had been reached. W hen W ageners had been held at 
68-5° F . for three to four weeks afte r picking there was a 
marked decrease in  the respiration ra te . Magness and 
Burroughs have shown th a t the respiration ra te of apples at 
32° and at 35° F . is very nearly  constant throughout the storage 
season, and th a t the ra te at 35° F . is about one and one-half 
times the ra te a t 32° F .

W hen the Grimes were placed im m ediately into cold storage 
a t the tem peratures of 30°, 32°, 34° and 36° F ., soggy break
down made no significant development during  years when the 
fru it was picked at the beginning of the harvest season. W hen 
th e  fru it was delayed a t o rdinary  orchard tem peratures, the
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same seasons, soggy breakdown appeared abundan tly  a t the 
two lower tem peratures, while it  was p ractically  controlled at 
the two h igher tem peratures. A t 30° F . the am ount of the 
disease present was in proportion to the am ount of delay. Ap
paren tly  the fru it which was delayed wrent into storage as it 
was approaching a h ig h er ra te  of respiration , while th a t  which 
went into storage im m ediately was still a t a m inim um  rate . 
The fru it held a t the orchard for several weeks before storage 
probably reached a h igh  respiration rate and, therefore, as it 
was placed into storage, an abundant supply of certain  resp ira
tory  products were likely present w ith in  the tissues and the in 
ternal atm osphere. These respiratory  products probably con
sisted of certain  essential oils or o ther deleterious substances, 
as well as carbon dioxide. F ru it w ith presum ably h ig h  re
spiratory  activ ity  when stored at 36° F . was found to be w ith
out in ju ry , while the same fru it when stored a t 30° F . became 
seriously affected.

A n  E xplanation .— A feasible explanation as to why the 
breakdown resulted a t the lower tem peratures and not a t the 
h igher m ay be the differences possibly existing in  the per
m eability  of the apple tissue at different tem peratures. A pos
sible increase in  the perm eability  of the apple tissue stored at 
30° F . is suggested as the cause of the in ju ry  occurring a t this 
tem perature. W hen there was a change in  the perm eability  
or resistance to certain  deleterious substances which m ay have 
been present w ith in  the fru it, brow ning and breakdown of 
tissue resulted. This was not the case at 36° F ., since, in  th is 
case, it  is assumed th a t the perm eability  of the cells rem ained 
at a certain  level. However, in searching for the explanation 
of the cause of soggy breakdown, i t  should be remembered th a t 
the respiratory  processes were able to continue a t a consider
ably more rap id  ra te  at 36° F . than  at 30° or 32° F . Magness 
and B allard  have shown th a t B artle tt pears ripen about twice as 
rap id ly  a t 37° F . In  th e ir experim ents the w riters have noted 
th a t the Grimes stored at 36° F . ripened m uch more rap id ly  
than at 30° or 32° F . This was evident in com paring the 
colour, hardness, and eating  quality  of the fru it a t the end of 
the storage period.

W ith  the fru it picked at the end of the commercial harvest, 
in 1924, evidently  a condition was a ttained  before picking 
which made the fru it susceptible to soggy breakdown, for the 
fru it so harvested was found to be affected w ith soggy break
down when stored im m ediately, as well as when given delayed
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storage treatm ent. However, th is same fru it  became more 
severely affected when it  was delayed at the orchard. The tim e 
of harvest then, enters into the consideration of the control of 
soggy breakdown.

Prevention by A ir  M ovem ent.— Exposing the surfaces of the 
fru it to free and forced circulation of the storage room atm os
phere gave satisfactory results in preventing soggy breakdown 
during  one storage season. This tends to support the hypo
thesis th a t the disease was caused by an accum ulation of dele
terious substances, w ith an  accom panying increase in  cell per
m eability, since the bene''fc derived from  the a ir movement was 
likelv th a t of removing these substances from  the apple tissue.

P erm itting  the fru it to have free access to a ir  by placing it 
in  open slatted crates during the delayed storage period did 
not reduce susceptibility to soggy breakdown.

The effect of gas absorbents, other than  th a t of commercial 
oiled paper, on the prevention of soggy breakdown was not 
tried . Oiled paper gave no better results th an  unoiled paper 
in  a series of experim ents on the control of soggy breakdown.

Influence of L oca lity .—The development of soggy breakdown 
in apples appears to be affected by locality as locality m ay affect 
growth and m aturity . Grimes and W enatchee, showing evi
dence of h igher m atu rity  when stored, developed the disease 
earlier than  the Grimes from Iowa. The disease appeared to 
develop most severely on the fru it from the W enatchee region, 
and least severely on Grimes from south central Iowa. How
ever, evidence is insufficient to show th a t th is invariably  would 
be the case. The data do show th a t the disease m ay develop 
on Grimes from various apple regions other than  Iowa.

Soggy breakdown is clearly a cold-storage disease th a t occurs 
at the usual cold-storage tem peratures, such as 30° to 32° E. 
I t  is particu larly  severe on Grimes, Golden and W ealthy. 
O ther varieties show sim ilar tendencies. I t  is felt th a t in the 
prevention of soggy breakdown the storage life of Grimes 
apples, and possibly a few other varieties, m ay be prolonged 
at least one month and perhaps longer.

As m any of our members are concerned in tbe problems of 
refrigeration, the foregoing will be of interest.-—J.A.
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L ig h t  A lloys tor M otor P ist o n s .— T he au th o r tab u la tes  
th e  com position of a series of A l-C u alloy  p istons ra n g in g  be
tw een 91-9 :3 T 1  an d  82-5:15-8 , and  discusses th e ir  heat-con- 
d u c tiv ity , expansion , ru n n in g  q u a litie s , s tre n g th , an d  h a rd 
ness, and  th e ir  resistances to  the  p roducts of com bustion  in  the  
c y lin d e r ; he also ind ica tes  th e  influence of a llo y in g  ele
m ents such as F e , Zn, P b , Sn, M g, Sb, an d  Si upon  th e  
p h ysica l p ro p erties  m en tioned . Some of th e  p istons w ere cast 
in  sand and  o thers in  c h i l ls ; th e  su rface  of th e  castings from  
the la t te r  h ad  a h a rd , finely c ry s ta llin e  s tru c tu re , w hereas the  
sand castin g  req u ired  h e a t tre a tm e n t by  q u en ch in g  a t  450°- 
500° C. (842°-932° F .)  in  cold w a te r ; th u s  confirm ing  th e  
ea r lie r  ex perim en ts of G u ille t and  G a libou rg  w ith  A l-C u alloys 
ra n g in g  from  7% to 45%  Cu, w hich  in d ica ted  th a t  the  h a rd 
ness of th e  a lloy  could be increased  by  su itab le  h ea t tre a tm e n t. 
The life  of th e  a lloy  p is to n  is s ta ted  to  be abou t 85-90%  of th a t  
of cast iron , w hich  i t  is suggested  is no d e tr im en t considering  its 
lig h tn ess . The action  of Cu in  h a rd e n in g  th e  a lloy  is due to 
the fo rm atio n  a t th e  freez in g -p o in t of a h a rd  com pound 
[Al(CTJ) +  CuA 12] . F e  also hard en s th e  a lloy  by  th e  fo rm a
tio n  of a b r it t le  substance F e A l3, w hich  in specim ens c o n ta in 
in g  3% was d e tr im e n ta l to m ach in in g . N i and  M n produce 
s im ila r  effects. T in  increases l iq u id ity  w ithoxit im p ro v in g  
o th e r q u a litie s . M g, in  th e  presence of A1 and  Zn, form s a 
h a rd  com pound A l3M g7Z n6, and  in  q u a n titie s  a m o u n tin g  to 
no t m ore th a n  3-5% ten d s to increase hardness, th e  h a rd e n in g  
effect b e ing  abo u t double th a t  of Cu. T he a u th o r  also discusses 
th e  influence of lead , an tim o n y , z inc, and  silicon as a llo y in g  
elem ents.— H . R e in in g e r  ( “  M asch .,’’ 7, 370-373; In s t .  C .E . 
E n g in e e r in g  A bstrac ts).

The num ber of paten t applications filed during  the past year 
in the U nited  K ingdom  reached the record to ta l of 38,593, an 
increase of 3,124 over the year 1927, and was the largest ever 
taken out in  one year, the preceding record being in  1920, 
when 36,672 paten t applications were filed.

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

Boiler Explosion Acts.
R e p o r t  No. 2846. S.S. Dungeness. O.N. 118468.

Report No. 2846 deals w ith an explosion from the main 
boiler of the Dungeness, and the investigation of the case was 
carried out by Mr. J .  Clark, Board of Trade Surveyor, B elfast.
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The boiler was of the usual cylindrical m u ltitubu lar type, 
of steel, 15 feet external diam eter by 10 feet in  length . I t  
was fitted w ith three corrugated furnaces of the Morison 
pattern . The combustion cham ber w rapper plates were 
11/ 16th inch in  thickness, a t the sides and top ; the bottom 
plate was f  inch in  thickness. The combustion cham ber back 
plates were 11/16th  in. in thickness, supported by stays I f  ins. 
diam eter, spaced 9J ins. by 9 ins. apart, except some of the 
m argin stays, which were two inches diam eter. The tops of 
the combustion chambers were supported by girders and stays 
I f  inches diam eter, spaced 9^ inches apart, the girders spaced 
9 j  inches ap art on the wing combustion chambers and 8 |  
inches apart on the centre combustion chamber. F our girders 
were fitted to each of the combustion chambers. A ll the 
screwed stays were fitted w ith nuts a t the combustion chamber 
end. The combustion cham ber tube plates were 1 3 /16th inch 
in  thickness. The wing combustion chambers were fitted with 
89 smoke tubes, of which 29 were stay tubes 3^ inches ex
ternal d iam eter by 5 / 16th inch in  thickness, and the centre 
combustion cham ber w ith  102 smoke tubes, of which 30 were 
stay tubes. The stay tubes passed th rough clearance holes in 
the front tube plate and were secured by a nu t on both sides 
of the p la te ; they were screwed through the combustion cham 
ber tube plate , caulked both sides of the plate and beaded over 
in the combustion chamber.

The boiler was fitted w ith the usual m ountings, including 
two direct acting  spring-loaded safety valves adjusted to 
operate at 160 pounds per square inch, and a w ater gauge 
m ounting fitted w ith three test cocks.

The boiler was made by Messrs. B la ir and Co., L td ., 
Stockton-on-Tees, in 1904. I t  is therefore 23 years old.

In  M arch, 1922, a num ber of screwed stays in  way of centre 
combustion cham ber bottom were renewed. In  December, 
1924, 36 p lain  tubes in  top rows of centre and starboard fu rn 
aces were renewed, and in  M ay, 1925, the centre and sta r
board furnaces were jacked up and faired in place and several 
fractures in  the furnaces were cut out and welded up.

flie  vessel is classed w ith the B ritish  Corporation R egister, 
and the boiler was inspected by one of their surveyors at H ull in 
Septem ber, 1926, and subsequently by the Chief E ngineer when 
a t the R iver P la te  and Londonderry.
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The ship, including  the m achinery and boilers, was insured 
with U nderw riters at* L loyd’s.

The upper p art of (lie tube plate in the port combustion 
cham ber of the starboard boiler was bulged over an area of 
about 2ft. by l f t .  9ins. to a m axim um  depth of about l |a n s .,  
and w ith in  th a t area was forced off a num ber of the smoke 
tubes, thus allowing p art of the contents of the boiler to 
escape into the combustion chamber. There was also a sm aller 
bulge extending over an area of about 9 inches by 8 inches by 
§ inch deep lower down on the same tube plate, bu t the p late 
had not been forced off the tubes in th is area.

The explosion does not appear to have been a violent one. 
The fireman, who was on the point of opening the furnace 
door of the combustion cham ber a t the moment when the ex
plosion occurred, escaped w ithout in ju ry , and reported to the 
second engineer, who was on watch in the engine room, and 
who had not apparently  heard the explosion.

The explosion was caused by overheating of the tube plate, 
due, in my opinion, to shortness of w ater; no one was in ju red .

The Dungeness is a steel single screw cargo vessel of 2,748 
tons gross. She is fitted w ith triple-expansion, surface-con- 
densing engines of about 1,050 indicated horse-power. There 
are two m ain boilers, each having three furnaces, which are 
coal fired and working under na tu ra l d raugh t. The boilers 
are arranged  athw artships, side by side, and are fired from the 
forward end. There is a screen bulkhead of corrugated iron 
separating  the engine room from the boiler room, and entrance 
to the boiler room is by means of a passage between the s ta r
board boiler and a bunker at the sh ip ’s side.

The vessel left H ull in Septem ber, 1926, for A ntw erp to 
bunker, and then  proceeded to Norfolk, V a., U .S .A ., to load 
coal for Rosario, from  which port the vessel sailed for London
derry, where she arrived on 10th Jan u a ry , 1927. On the 
passage to Rosario the second engineer stated th a t the  w ater 
gauge glass on the starboard boiler occasionally showed false 
indications of the water level, and on several occasions the 
screw plugs on the w ater gauge cocks were taken out and the 
passages in the cocks cleared by means of a wire. W hen at 
Rosario the w ater gauge cocks were taken out of the columns, 
cleaned and repacked, bu t as the  screwed plugs in  the  top 
and bottom  of the cast iron columns were immovable, the 
columns themselves were not cleaned out. The w ater gauges
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gave no fu rth e r trouble during  the passage to Londonderry. 
A fter discharging a t Londonderry the vfcssel left a t 8 a.m . on 
the 25th Jan u a ry  for Swansea in a lig h t condition, the chief 
engineer being on watch. He stated th a t afte r leaving Lough 
Foyle the vessel encountered a heavy gale and rolled and 
pitched heavily. D uring the watch he observed tha t the level 
of the w ater in  the boilers was rising, and on m aking exam ina
tion found th a t the water in the hotwell was brackish, from 
which he concluded th a t the condenser was leaking. Before 
handing the watch over to the th ird  engineer at 12 m idnight 
the level of the water in the boilers was reduced by sw itching 
the feed w ater overboard. H e gave instructions th a t if  i t  was 
necessary to reduce the water level in  the boilers again it  was 
to be done by the second engineer.

The th ird  engineer stated th a t when he came on watch there 
were about five to six inches of water in  the gauge glass of 
each boiler. D uring his watch the vessel was labouring 
heavily and the engines raced occasionally. H e blew the water 
glasses through two or three times du ring  the watch and was 
satisfied they were working satisfactorily . A t the end of his 
watch the w ater had risen about four or five inches more in 
each glass, bu t apart from regu lating  he did not during  his 
watch interfere w ith or divert the feed water delivered to the 
boilers.

At 4 a.m . the second engineer came on watch. He stated 
th a t, following the usual practice, he blew the water gauge 
glasses through before tak ing  over the watch, and found 
everything satisfactory. At the tim e of the explosion he 
stated th a t the w ater gauge showed half glass in the starboard 
boiler and five-eights glass in the port boiler. No evidence 
was given as to the leakage of the condenser, nor how the level 
of the w ater in the boilers, which at 4 a.m . was 10 to 11 inches 
as stated by the th ird  engineer, had fallen to half and five- 
eights glass at 5.30 a.m . (The length  of these gauge glasses 
was 1 3 | inches).

W hen I  examined the boiler a few days after the vessel had 
arrived in Belfast, I  found in all the combustion chambers 
d istinct evidence of o verhea ting ; the tube plate in the port 
cham ber was bulged as stated above, and the upper p a r t of 
the plates in each of the chambers for a distance of about 
2 feet to 2 feet 6 inches downwards from each crown bore the 
appearance of having been g reatly  overheated. On the w ater 
side the boiler was fa irly  clean, the crown and sides of the
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combustion cham ber were found to be covered w ith  a uniform  
scale of about 1 / 16th inch in  thickness. On the tube p late the 
scale was about |  inch in  thickness, and on the tubes from 
|  to j  inch in  thickness. In  order to exam ine the condition of 
the w ater gauge, the w ater gauge column was removed from 
the boiler. W hen this was done a large q u an tity  of loose scale, 
some of which had probably been detached by the ham m ering 
necessary to remove the column, was found in  the lower pas
sage. The passage in the lower gauge glass m ounting was 
found to be p artly  closed by incrustation, and the upper and 
m iddle test cocks on the column were com pletely choked. The 
part of the column between the upper and m iddle test cocks 
was found to be closed solid w ith incrustation, to remove 
which it was necessary to d rill out the top and bottom  plugs 
and use drifts. I  am  therefore of opinion th a t at the tim e 
of any test previous to the explosion the water gauge glass in 
this boiler was not recording correctly, and th a t the second 
engineer at some tim e during  his watch, in  order to reduce 
the w ater level in the boilers, had tu rned  the feed 
w ater overboard, being deceived by the false reading 
of the w ater gauge glass. The w ater in the starboard boiler 
had therefore fallen  to a level considerably below the com
bustion cham ber crown. The tube plate would thus become 
overheated and unable to w ithstand the pressure to which it 
was subjected.

The following repairs were carried o u t : -—The tube plate 
was faired in p lace ; the boiler has been com pletely re-tubed 
and a p art of the combustion cham ber back plate which had 
been previously buckled between the stays was cut out and a 
new piece of p late welded in . A fter these repairs were com
pleted the boiler was satisfactorily  tested by hydraulic pressure 
to 240 pounds per square inch, and the safety valves were ad
justed to lif t  a t 160 pounds per square inch. The condenser 
was opened up for exam ination, and several tubes which were 
found to be p itted  through were renewed and a num ber of de
fective wood ferrules were replaced. The condenser was a fte r
wards tested and found satisfactory.

Observations o f M r. A . E . L aslett, the Engineer  
Survey or-in-C hief.

The boilers in  th is case were provided w ith  a type of w ater 
gauge which can be thoroughly exam ined when opened up for 
inspection and very easily tested for accuracy when under
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steam. The damage done through shortness of water indicates 
th a t the w ater level at the time of the explosion m ust have 
been well below the lower opening to the gauge column, and 
th a t the boiler m ust therefore have been short of water for a 
considerable tim e. Those in charge cannot be acquitted of 
negligence in their m anagem ent of these boilers as th e ir a tten 
tion to the condition of the gauge should have been attracted  
by its behaviour.

The need for careful exam ination of w ater gauges when 
being overhauled and for equally careful and in telligen t test
ing when in use cannot be too strongly impressed upon those in 
charge of all boilers.

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

Books added  to Library.

B ritish  S tandard Specifications.—F or B ritish  S tandard 
W hitw orth  (Small Hexagon), (B .S .W .S .) B righ t Hexagon 
Bolts, Nuts and Set-Screws, S plit-P ins, W ashers and Studs. 
No. 193-1929. F or Phosphor Bronze Turbine B lading. No. 
352-1929. For the Testing of H ydraulic Turbines. No. 353- 
1929.

P u rch ased : —
E xhaust Steam E ng ineering ,”  by Charles S. D arling. 

Published by Chapm an and H all, L td.
“  The E nlarged Callendar Steam Tables,”  by Professor H . 

L. Callendar. Published by Edw ard Arnold and Co.
Present-day S h ipbu ild ing ,”  by W alton. Price 25 /-. 

Published by Charles Griffin and Co., L td ., 1921.
N ational Physical Laboratory— Report for the year 1928. 

Published by H .M . Stationery Office for the D epartm ent of 
Scientific and In dustria l Research. Price 9 /-  net.

o

T i t a n i c  E n g i n e e r i n g  S t a f f  M e m o r i a l — B e n e v o l e n t  F u n d . 
-—The Com mittee acknowledge w ith thanks a donation of 21 /- 
from Mr. F .  A. T rigg , M ember 1685, W estern  A ustralia.
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L ist of those elected a t Council m eeting of M ay 13th, 1929 : —

Members.

George W illiam  Barnes, E ng r.-L ieu t., R .N .R ., 92, Mayfield 
S treet, H ull.

W illiam  T urner Croinby, c jo  Butterfield and Swire, Shanghai.

John  R eginald  Davis, E ngr.-L ieu t., R .N ., H .M .S . Y ork, c /o  
Messrs. Palm ers S. and I . Co., L td ., Jarrow -on-Tyne.

Jam es Joseph Devine, E ng .-L ieu t., R .N .R ., 79, TJpper Georges 
S treet, K ingstow n, Co. D ublin.

Jo h n  Dixon, 2, F a irlie  P lace, C alcutta, In d ia .

W illiam  Owen G ardiner, Melstock, Dorchester Road, W ey
m outh.

Cecil H arry  Gibbs, 18, Shaftesbury Avenue, H ighfield, 
Southam pton.

W ilfrid  Jam es G riggs, 152, Coventry Road, Ilfo rd , Essex.

P au l H ansen, B urm eister and W ain , Copenhagen, D enm ark.

John  W illiam  Henderson, 49, R andolph Gardens, Broom hill, 
Glasgow.

E rnest H enry  Lucas, c /o  Speirs, 1301, Argyle S treet, Glasgow, 
C.3.

Jam es A lexander R edpath  M ann, 35, Kingswood Road, 
W im bledon, S.VV.19.

R obert W allace M cFarlane, Ivy  Bank, P o rt Glasgow.

Andrew W illiam  R ichardson, c /o  Babcock and W ilcox, L td ., 
4, Bankshall S treet, C alcutta, In d ia .

R obert Smeaton, 4, U plands Crescent, Swansea.

Thomas George Stone, 269, Crogan H ill, B arry , Glam.

A lfred W illiam  Tookey, 48, M aryon Road, C harlton, S .E .7.
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Associate Member.

K enneth John  Melrose M cLennan, 10, Selborne Road, Ilford , 
Essex.

Associates.

Francis P . Kennedy, c /o  B ritish  Tanker Co., L td ., B ritannic 
House, F insbury Circus, E.C.2.

Norm an A lexander MacLeod, Aldersyde, Cyprus Avenue, 
Bloomfield, Belfast.

Horace H oratio Augustus Tate, 32, Egm ont Road, New M alden, 
Surrey

F rancis Clarence W alte r W ilkinson, The H aven, S tation 
Estate, Taplow.

Transferred from  Associate M ember to Member.

K hujesta Kaikobad B atlivala, 74, C hurchill Road, Rangoon, 
Burm a.

H enry Bussell Sm ith, 102, M aida Road, Luton, Chatham .

Transferred from  Associate to Associate M ember.

Carl Albin H allgren , cjo  The In stitu te  of M arine Engineers.

Gordon H ugh  S tanbury, Gwengor, 16, Foulser Road, S.W .17.

Transferred from  Student-G raduate to Associate Member.

John  K napp Barrow, 27, St. Jam es Avenue, Sutton, Surrey.

Transferred from  Graduate to Associate Member.

Roy M. Gibbs, 23, V aughan Gardens, Ilfo rd , Essex.

Transferred from  Graduate to Associate.

Robei’t  A. B atey, 30, K enilw orth Road, Monkseaton.
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Board of Trade  Examinations .

List of Candidates who are reported as having passed examina
tion under the provisions of the Merchant Shipping Acts.

For week ended 23rd March, 19 2 9 :—

N oble , T h o m a s P .  ... 
S t ru th e r s ,  W ill ia m  
W a g g o tt, W ill ia m  H . 
H e lliw e ll, C liv e  E . 
M in n is , F re d e r ic k  C. 
B a rro w , J o h n  A . R . K . 
B u rg e ss , J a c k  H . ... 
H a l l ,  E d w a rd  A . ... 
L a v in g to n , A r th u r  H . 
N ortihey , R e g in a ld  H . 
H e r ro n ,  W il l ia m  A. 
K e r r ,  R o b e r t  W . ... 
M a c K in n o n , N e il ... 
W r ig h t ,  T h o m a s  H . 
S m a ll, J a m e s  
H u t to n ,  T h o m a s  H . 
L ees, D a v id  B . B . ... 
M c K in n o n , R o b e r t  B. 
M id d le to n , W ill ia m  
M u n d ie , J a m e s  D . B. 
D ow ney , L aw re n ce  
B ro w n e , W il l ia m  G. E . 
K yffin, E d w a rd
H y d e , P e r c y ...............
A rd e n , J a m e s  V . ... 
D a rb y slh ire , A r th u r  R . 
H a l l ,  E r ic  S.
P o u n d e r , J a m e s  S. ... 
C e ssfo rd , E d w in  W . 
H u tc h in s o n , J a m e s  H . 
B u rm h am , G ordon  
H ep p le , T h o m a s 
L an g ley , W il l ia m  A . 
L o n g m o re , S am u e l J .
S c o tt, F r a n k ..............
W rig lh t, E d w a rd  D.

GRADE.

l.C .M .E .
l.C .M .E .
l.C .M .E .

l.C .
1 .C .
2.C. 
2.C. 
2.C. 
2.C. 
2.C. 
l.C . 
l.C . 
l.C .
1.C. 

l .C .M .E .
2.C. 

2.C. 
2.C.

2.C.M .
2.C.M .
2.C.M .

1.C.
1.C .M .E.
2 .C .M .E .

2.C. 
2.C. 
2.C. 
2.C. 
l.C .
1.C.
2.C. 
2.C. 
2.C. 
2.C. 
2.C. 
2.C.

PORT OP EXAMINATION.

L ondon
G lasgow
London

G lasgow

L ive rp o o l

S u n d e r la n d

253



254 BOARD OF T R A D E  EXAM IN ATIO N S.

For w e e k  en d ed  23rd  M arch , 1929—c o n t in u e d .

NAME. 

B u c h a n a n , J o h n  N . 
D u n n , G eorge P .  S. 
P o t t in g e r ,  W illia m  M. 
C a m e ro n , A lex an d e r

GRADE.

2 .C .

2.C.
2.C.

2.C.M.

For week ended 30th March, 19 29 :—

B o rth w ic k , J a m e s ............... l.C .
M cG reg o r, W ill ia m  W . ... l.C .
B r isb a n e , W illia m l.C .
B a k e r, T h o m a s T .................. 2.C.
M acd o n a ld , A le x a n d e r T . l.C .M .E .
C la rk , T h o m a s ............... 2.C.
F re w , H a r r y  ............... 2.C.
M c In to sh , N e il M cK . 2.C.
M c B rid e , A n d rew  ............... 2.C.M.
D ow nie, D a v id  M. l.C .
S te p h e n , W ill ia m  0 . l.C .
G ib b o n s, T h o m a s F . l.C .M .E .
N ic h o lls , C h a rle s  E . l.C .
O’C allag than , Jolhn H . B. l.C .
K e lly , G ilb e r t  ............... 2.C.
P a r r ,  R a lp h  A ........................ 2.C.
F o rd , C h a rle s  E . S. l.C .M .E .
Jo n e s , A lcw yn M ................... l.C .M .E .
W ood, G a v in  J ........................ l .C .M .E .
Jo n e s , W ill ia m  H . l.C .M .
C lough , E d m u n d  ............... l.C .
J a m e s , D a v id  A ...................... l.C .
Lees, T h o m as H .................... l.C .
N a g e l, B e rn h a rd  C. l.C .
N idh o lso n , Ja m e s  C. l.C .
B u ll , H e r b e r t  G .................... l.C .
B a rn a r d ,  J a c k  L .................... 2.C.
M acG reg o r, R o n a ld 2.C.
R ic h a rd so n , T h o m a s D . ... 2.C.
R u sse ll, R ic k a rd  A. 2.C.M .
D av iso n , J a m e s  J .................. l.C .
B ig g in s , R o b e rt ............... 2.C.
D o n a ld so n , Jo se p h 2.C.
M c K in n o n , J o h n  V. l.C .M .
H e n d e rso n , W ill ia m  G. N . l.C .M .E .
M c C la ren ce , Ja m e s 2.C .M .E .

OF EXAM INATION. 

N o r th  S h ie ld s

G lasgow

L e ith

C ardiff

L iverpool

L ondon
»»

N o r th  S h ie lds
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For week ended 6th April, 19 29 :—

NAM E. GRADE. PORT OP EXAM INATIO N

•N e w e ll, R o n a ld  ........................... 2.C. B e lfa s t
•S h e ils , P a t r ic k  ........................... l.C .M .E . „
H olm es, H hom as E . ............... l.C .M .E . L ondon
M a n g e r, E d w in  C .............................. l.C .M .E . ,,
C a m p b e ll, G e o r g e ........................... l .C .M .E . G lasgow
K en n ed y , N e il ........................... l .C . ,,
S im p so n , A le x a n d e r  ............... l.C .M . >>
K en n ed y , D o n a ld  S. ............... 2.C. ,,
B rougfhton, F r a n k  ............... 2.C. H u ll
M unson , H a ro ld  J .  ............... 2.C. >>
S m ith , F re d e r ic k  M ......................... 2.C. ,,
D one, G eorge T . S. ............... l.C . L iv e rp o o l
F itz s im m o n s , G eorge  ............... l .C . ,,
W in te rb o t to m , J a m e s  ............... l.C . ,,
E lia s , J o h n  ....................................... 2.C. ,,
J e n n in g s , Jolhn S ................................ 2.C. ,,
R itd h ie , W ill ia m  M . ............... 2.C. ,,
R o u lso n , H a ro ld  ........................... 2.C. ,,
Shea , R o w lan d  W .............................. 2.C. ,,
D oyle, J o h n  J .  ........................... l.C .M .E . ,,
Jo h n s , A lf re d  E .................................. l.C .M . ,,
F e ll , W ill ia m  P ................................. 2.C.M. ,,
H a rv e y , W il l ia m  S. ............... l .C . London
J o h n s to n , A le x a n d e r  R . B. l.C . ,,
M illa r ,  F re d e r ic k  E ......................... l.C . ,,
C h u b b , G eorge E ................................ 2.C. »>
L iv esay , W il l ia m  L . ............... l .C . N o r th  S h ie ld s
S is te rso n , G i l b e r t ........................... l.C . ,,
C legihorn, G e o r g e ........................... 2.C.
Jo h n s to n , J o h n  T .............................. i . e . S o u th a m p to n
C o rn e r , P h i l ip  I ................................ l.C .M .E . »»
G a n d y , F re d e r ic  B . ............... 2.C. »»

'P assin gs for w eek ended 30th March received too late for publication .

For week ended 1 3 th  April, 1 9 2 9 :
C ra ig , R o b e r t  K ................................ l .C .M .E . L ondon
C o u r t ,  A r th u r  L ................................ l .C . C ard iff
M ich ae l, S ta n le y  B . ............... l.C . >>
A ngel, W a l te r  B . S. ............... l.C . London
C ooper, J a m e s  B ................................ l.C . »
H o rlo ck , H o ra tio  N . ............... 2.C.M . »>
F y fe , R o b e r t  T .................................... l.C . G lasgow
B ro w n , M yles M c l. ............... 2.C.



256 BOARD OF T R A D E  EX A M IN A TIO N S.

For w eek ended 13th April, 1929—con tin ued .

NAME. GRADE.

D oig, J a m e s ....................................... 2.C.
S co re r, Sydney  D ...............................  2.C.
P h i l l ip s ,  W i l l i a m ........................... l.C .E .
In g o ld , S tacey  R ................................ l.C .M .
H a ll ,  W ill ia m  E .....................  ... l .C .E .
F o rb e s , V ic to r  G ...............................  l.C .
W eldh , G eorge E ...............................  2.C.
D u s ta n , F re d e r ic k  ...............  l.C .
C ram o n d , G o r d o n ........................... 2.C.
S co tt, H e n r y ....................................... 2.C.
T a rg e t t ,  R e g in a ld  F ........................  2.C.
G allo w ay , F re d e r ic k  E ...................  l.C .
M udd , C h a rle s  A ...............................  l.C .
K a ig h e n , Jo se p h  R . ...............  2.C.
Ja m e s , D a v id  A .................................. l.C .M .E
K a g a n , R e g in a ld  ...........................  l.C .M .E .

F o r  w e e k  e n d e d  2 0 t h  A p r i l ,  1 9 2 9 :

O pie, Cecil M . ...........................  l.C .M .E ,
C h a p m a n , C h a rle s  E .......................  l.C .
G re e n , S idney  F ................................  l.C .
M yles, W ill ia m  0 .  S ........................ l.C .
W oods, E r ic  ........................... l.C .
Owen, J d h n .......................................  l.C .M .
M a rt in , D o n a ld  ...........................  2.C.
M cC allum , R o b e rt McA. ... l.C .
B lack , J o h n .......................................  l.C .
H en d e rso n , Ja m e s  A ....................... l.C .
J a rv ie ,  Joseplh D ................................ 2.C.
L y n as, S am u el ...........................  2.C.
B ra d le y , A le x a n d e r  ...............  2.C.M .
C a m p b e ll, E a n  N . M acC. .. 2.C.M .
M o rr iso n , Jolhn R . ............... 2.C.M.
A rn o ld , A r th u r  A. ............... l.C .
C ay g ill, A r th u r  ........................... l.C .
H u tc h in so n , W ill ia m  ............... l.C .
L ee, N o rm a n  ...........................  l.C .
T em p le , W ill ia m  A. ............... l .C .
M u n so n , A r th u r  ...........................  2.C.
D a in to n , W ill ia m  E . B ..................  l.C .M .E .
R u sse ll, H e n ry  ...........................  l.C .
R u sse ll , S am u e l T . ............... 2.C.
T h ir d ,  H e n ry  J ..................................  2.C.

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

G lasgow

N o r th  S hields

L e i t h

S o u th am p to n

L iverpoo l

*»

L iverpoo l
»>
»>

G la sg o w

N o r t h  Sh ie ld*

London



BOARD OF TR A D E E X A M IN A TIO N S 2 5 7

For w eek ended 20th April. 1929—continued.

NAM E. GRADE. PORT OP EXAM INATIO N

E ll io t t ,  W ill ia m  D. ............... l.C . S u n d e r la n d
M e ld ru m , W ill ia m  N ...................... l .C . yy

B a rk e r ,  H a ro ld  W . ............... 2.C.
B e ck ton , F re d e r ic k  H .................... 2.C.
M u s th e r , G eorge H . ............... 2.C.
L y n n , D a v id  IC................................... E x .l.C . L e i th
M c L aren , T h o m a s ........................... E x .l.C . G lasgow
S m ith , Sydney  P ................................ E x .l.C . L ondon
W a rd , J e rv is  S .................................... E x .l.C . N o r th  vS hi elds

For week ended 27th April, 19 2 9 :—

NAME. GRADE. PORT OF EXAM INATION

A rm stro n g , J a m e s ........................... 1.C .M .E. London
Jo n e s , H e n ry  N .................................. l.C .M .E . ,,

R ic h a rd s , R o n a ld  M ........................ l.C .M .E . C ard iff
C ook, W ill ia m  J .  M ........................ 2.C. ,,

C ro sb y , W il l ia m  E . ............... 2.C. , ,

G eorge, A lf re d  ........................... 2.C. ,,

M a u ric e , F re d e r ic k  A .................... 2.C.
T id m a n , F r a n k  E . ............... 2.C. ,,

WMLliams, E n ry s  ........................... 2.C. yy

B ro w n , J o h n  R .................................... l.C . G lasgow

P thoenix , S am u e l ........................... l.C .
C hisiholm , R o d e ric k  A .................... l.C .M .
P eeb les , A n d rew  ........................... 2.C.M. , ,

P a te r s o n ,  Jc ihn  M c N ........................ 2.C.M . „

M cC onkey, W il l ia m  ............... 2.C. B e lfa s t
P h i l l ip s ,  A lb e r t  M. ............... 2.C. S o u th a m p to n
D av iso n , A rtlh u r  H . ............... l.C . London
R e d d in g , D o u g l a s ........................... l.C . ..
Sm itih, H e n ry  R ................................ l.C . ..

W a ts o n , D a v id  M . ................. l.C . ,,

M attlhew s, T h o m a s R .......................... 2.C.
M e a d e r, F r a n k  N . ................. 2.C. , ,

T h o rn to n , J o h n  W . N ....................... 2.C. , ,

WToods, C y ril  J ................................... 2.C. ,,
B u n d le , J o h n  ........................... l .C .M .E . L e i th
H a g g a r t ,  R o b e r t  ........................... l.C . ,,
M il la r ,  H u g h  W . M ........................ 2.C.
W ilk ie , A le x a n d e r  ............... 2.C. ,r



258 BOARD OF T R A D E  EX A M IN A TIO N S.

For w eek ended 27th April. 1929—continued.

NAME. GRADE. PORT OF EXAMINAT

H a in in g , W ill ia m  M. l.C . L ive rp o o l
H e n d e rso n , C h a rle s l.C . »»
R o b e rts , J o h n  E ................. l .C . „

B re a k e y , Ja m e s 2.C.
D av id so n , D av id 2.C. , ,

H a llg re n , C a r l A ................. 2.C.
N ew m an , C y ril G ................. 2.C.
R o u tled g e , Ja m e s  ... 2.C. , ,

B a tliv a la , K h u je s ta  D . . l.C . N o r th  S h ie lds
H ile s , A r th u r  E .................. l .C .
A rd h b o ld , A r th u r  L. 2.C.
Sedgw ick, J a m e s  P . 2.C.
W ran g ih am , W illia m  S. . 2.C.
B u r r e l l ,  A lb e r t 2.C.M. »*
P a u l ,  S id n e y ........................ 2.C .M .E.
C h e s te r , A lfre d  E . 2.C.


