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C h a i r m a n  : Mr. R. T . W ILSO N  (C hairm an of Council).

The C h a i r m a n  : I  have much pleasure in in troducing to you 
M r. M uller, Chief Superin tendent E ngineer of the D utch Royal 
P ack e t Line, who has come over from A m sterdam  to read his 
paper on the Lentz standard  m arine engine, which he has very 
k indly  prepared a t the request of the Council.

I  am sure you will all be very much in terested  in the subject 
m atte r of his paper, as the Lentz engine m ay claim the  dis
tinction  of being the best known of the various new types of 
m arine reciprocating steam  engine which have been developed 
in recent years. Mr. M uller’s account of the engine and its 
service perform ance in  the ships of his Company will no doubt 
have been eagerly aw aited by all who are present and by m any 
of our members who are not privileged to be here th is evening.

I  will now ask Mr. M uller to read his paper.
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In  response to a request from the Council of this In s titu te  
to read a paper 011 the Lentz standard m arine engine, I have 
though t th a t it m ight be of in terest to give a few resu lts from 
practical experience w ith  this new type of engine, which has 
only been developed in the last seven or eight years, and of 
which a fairly large num ber has been installed 011 board ships 
of the K oninklyke P aketvaart M aatschappv of Am sterdam . 
Before doing so I  want to say som ething about the principal 
reasons which have led to an experim ent by the K .P .M . witb 
the Lentz engine on such a com paratively large scale.

In  1924 the board of directors of the K .P .M . decided to 
enlarge their fleet plying in the D utch E ast-lnd ian  A rchipelago 
w ith a large num ber of vessels of different size and speed. It 
was obvious th a t, on doing so, there would be an advantage in 
dividing the vessels into certain  classes of uniform  ships and 
therefore to standardise the ships and the m achinery equipm ent 
as far as possible. Besides a num ber of other ships w ith 
different types of engines, 23 steam ships, one tw in screw 
passenger steam er included, w ith 24 steam  engines in all, were 
to be built, according to the program m e of 1924, in the course 
of five years.

Now in the beginning of 1924 we had an opportunity  person
ally  to m ake a trip  in the steam er Bilbao  of the Oldenburg- 
Portuguese Shipping Co. of H am burg, which vessel m ust be 
regarded as being the first ship equipped w ith a Lentz standard 
m arine engine. As a result of this trip , of the perform ances of 
the main engine and of the good results as regards coal con
sum ption and costs for upkeep and repairs, we have then more 
closely considered the application of the Lentz standard  m arine 
engine on a num ber of K .P .M . vessels, as the following p rin 
cipal advantages could be obtained by doing s o :

1 . Superheated steam  could be introduced w ith less risk  than  
if ordinary slide-valve engines were fitted, the K .P .M . having 
installed no superheated steam  engines previously.

2. S tandardisation of the engines (which would affect the 
m anufactu ring  cost as well as the cost for upkeep and the 
num ber of spare parts) would be easier when s ta rtin g  w ith  a 
new type of engine than  if ordinary slide-valve engines, the 
design of which is dependent on the ideas of the various 
engineering works, were to be installed.

3. There would be a saving even if compared w ith ordinary 
superheated steam  engines fitted w ith slide valves, according 
to the resu lts of the Bilbao  and to the expectation of the 
designers.
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Furtherm ore, the Bilbao  engine had shown th a t manoeuvring 
was rem arkably  simple, and took very little  tim e even w ithout 
the aid of a steam  driven reversing engine. L ast, hu t not least, 
the general design of the Lentz engine, besides being simple, 
showed its  su itab ility  for to tally  enclosing- the running  gear 
for the purpose of in troducing forced lubrication, in order to 
dim inish the wear and therefore lower the costs for upkeep and 
repairs, which are com paratively h igh  in the E ast Indies as 
compared with Europe.

W ith  regard  to the th ree principal advantages m entioned 
above, I  feel obliged to give an explanation so far as the first is 
concerned. I t  will be understood th a t w ith  the risks which 
may be run  by the application of superheated steam , only the 
risks in connection w ith the boilers are m eant, and although 
enough experience had been collected by shipping- companies 
who had installed superheated steam  engines and Scotch boilers, 
the num ber of ships fitted w ith reciprocating superheated steam  
engines and w ater-tube boilers was, and is still, com paratively 
sm all. The K .P .M ., having decided in 1919 for various 
reasons, which cannot be dealt w ith  in th is paper, to instal 
w ater-tube boilers in all the steam ships to be built in fu ture 
instead of the old Scotch boilers, we were compelled to consider 
more particu larly  the consequences of the in troduction of super
heated steam  w ith regard  to the boilers, as these would have 
to  deal w ith  feed w ater containing far more lubrica ting  oil than 
is necessary for satu ra ted  steam  engines. In  th is respect the 
Lentz engine w ith poppet-valves possessed some positive advan
tages over the slide-valve reciprocating engine, and thus it was 
decided in 1924 th a t five ships, to be followed la ter on by eigh
teen more ships, were to be installed w ith Lentz standard  
m arine engines. For this purpose the Iv.P.M . bough t the 
p aten t righ ts  for the application of this type of engine on the 
Company’s own ships from M essrs. W . Salge & Co., Berlin, 
owners of the Lentz paten t rig h ts  as far as the Lentz standard  
m arine engine is concerned, in order to be free to have the 
engines built by any engine m aker m H olland.

The Lentz standard  m arine engine has been made in six 
standard  sizes, rang ing  from 400 i.h .p . to 3,700 i.h .p ., of which 
the principal particulars are given in table I. From th is it  may 
be seen th a t the ra tio  of the H .P . and L .P . cylinder volumes is 
about 1 :4'6, and the to tal expansion of the steam  in both the  
cylinders varies from 15‘3 to 11, the clearance volumes of the 
cylinders not being considered, depending on the admission of
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the steam  in the H .P . cylinder, which m ay be varied from 
30-42% of the stroke.

TA B LE I.

Size Dimensions.
Admission of 
the steam In 

H.P. cyl.
I.H P.

Revs.
per

min.

*Estimated steam 
consumption per 
I.H.P. per hour.

7
325 x  700 m m . dia.

2 X ------------------------------------
700 m m . stroke.

30-42% 400-1,000 70-140 4-2-4-42 kg. 
(9 '26-9 '74  lb.)

8
370 X 800 m m . dia.

2 x —---------------------------
800 m m . stroke.

30-42% 550-1,400 70-130 4 '2 -4 '42  kg. 
(9'26-9'741b.)

9

10

420 x  900 m m . dia.
2 X ------------------------------------

900 m m . stroke.
30-42% 800-1,900 70-120 4 T 6 -4 ’38 kg. 

(9 1 7 -9 6 5  lb.)

465 X 1,000 m m . dia.
2 x ------------------------------

1,000 m m . stroke.
30-42% 1,100-2,300 70-110 4-16-4-38 kg. 

(9-17-9-65 lb.)

11
510 X 1,109 m m . d ia.

2 x ------------- ------------------
1,100 m m . stroke.

30-42% 1,450-3,100 70-110 4 T 2 -4 '3 4  kg. 
(9-08-9-56 lb.)

12
560 x  1,200 m m . dia.

2 x -------------------------------
1,200 m m . stroke.

30-42% 1,900-3,700 70-100 4-09-4-3 kg. 
(9-02-9-48 lb.)

j 1 4 5  kg ./cm 2 =  206’2 lb./sq" boiler pressure.
* A ssum ing J 325° C =  617°F  steam  tem peratu re, and 

( 90-92%  vacuum .

I  will now try  to give a brief description of the general
design. The Lentz standard  m arine engine consists of 
two entirely  separated halves, each form ing a complete 
and self-contained two-cylinder two-crank compound steam  
engine, which halves are interconnected only by the 
crankshaft. The two H .P . cylinders are placed in the 
centre, one L .P . cylinder is placed forward and one aft. The 
steam  afte r having passed the m ain stop valve is divided into
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four  flows, two for the forw ard engine-half (one for top-side 
and one for bottom -side of the cylinders) and two in a sim ilar 
way for the a ft engine-half.

The steam  passages are formed by ducts, which are placed so 
th a t the steam  always passes in the same direction.

For steam  d istribu tion  there are a ltogether twelve inde
pendent valves, i.e ., three for top-side and three for bottom -side, 
for each eng in e-h a lf:

the H .P . in let valves (A ),
the H .P . exhaust; also L .P . in let valves (B ),
the  L .P . exhaust valves (C ).

Fig. 1.

These valves are placed in one line and are operated by a 
separate cam shaft for each engine-half (F igs. 1 and 2 ). The 
valves A and B are of the same size for reasons of s tandard isa
tion, bu t, as will be shown later, this has been a m istake. There 
is no receiver and valve B acts m erely as an overflow valve from 
the H .P . cylinder into the L .P . cylinder, which is possible as 
the two cranks belonging to the same engine-half are placed at 
180°, so th a t the exhaust of the  H .P . cylinder, top-side, may 
coincide w ith  the admission of steam  to the L .P . cylinder, top
side, and sim ilarly  for the  bottom -side.

As m entioned before, the cranks of each engine-half are 
placed opposite each other, whereas the cranks of one engine-
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lialf are placed a t r ig h t angles w ith regard  to the o ther engine 
half, so as to afford regu lar w orking and certain ty  of manceuv- 
ring , but as a consequence the system  is not balanced, either 
s ta tically  or dynam ically. I t  is, however, possible to fit 
counterw eights to the crank webs, which has been done in the 
largest size (No. 12) only.

F ig . 3 gives a section of the H .P . cylinder (1) w ith  valve 
chests (2) and valves (3), and also shows the position of the 
cam shaft (4) and cams (5). The valves are placed in valve 
cages (6 ), fitted in the casting w ith two seats and kep t to its 
place by the valve chest covers (7) and by bolts (8 ), to ensure 
perfect tigh ten ing . The valves are of the balanced double
beat type and are held down to the seatings by means of 
separate spindles (9) provided w ith springs (10). The 
valve spindles are actuated  by separate tappets w ith rollers, also 
called compensators, and by this arrangem ent correct alignm ent 
of the valve mechanism is ensured. The compensators also 
serve to elim inate faults in the ad justing  of the valve gear, 
caused by the rise of tem perature of the engine when running. 
(F ig . 4 ).

The valves are made of high grade cast iron (P erlit) annealed 
to a tem perature of about 400° C. (752° F .) .  The grooved 
valve-spindles are of stainless steel, ground into cast iron liners 
and fitted in the usual way w ithout any packing or stuffing bos. 
The cams and rollers are of case-hardened steel. The com
pensator works in a bronze bush and is provided w ith a weak 
spring so as to keep the roller off the cam during the period
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when the cam does not operate the valve. As regards the oscil
la ting  cam shafts, there is one for each engine-half, w orking 
in roller bearings and each operating three top valves and three 
bottom  valves.

Fig. 3

The link  m otion is of the K lug type and has much resem 
blance to  the H ackw orth link  motion, which is perhaps be tte r 
know n in th is country. The la tte r  has been fitted to the engine 
of the SS. Bilbao. For reasons of practical design the H ack-
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w orth m otion has now been replaced by the K lug motion, 
although the form er has some advantages as regards equal 
steam  distribu tion  for top and bottom  sides.

F ig . 5 show's the curves of the “  K lug ”  gear for 
different positions of the link  m o tio n ; curve 0  shows 
the movement of the gear in the central (stop) position, 
curve I  for manoeuvring full speed ahead (gear at + 24°), 
curve I I  for norm al speed ahead (gear linked up at 
4- 15°), curve I I I  for manoeuvring full speed astern  
(gear a t -  24°). The intersections of these curves w ith the 
lines a, b, c, d, e and f give the points in which the cams are 
ju s t beginning or finishing to lift respectively: H .P . in let valve 
top-side (a ) , H .P . exhaust valve bottom -side and L .P . inlet 
valve bottom -side (b ), L .P . exhaust valve bottom -side (c ), 
L .P . exhaust valve top-side (d ), H .P . inlet valve bottom -side
(e ), H .P  exhaust valve top-side and L .P . inlet valve top-side
(f ) . As may be seen from this diagram , in the stop position of 
the gear the cams still lift the valves, although very little , 
unlike Diesel engine gears, in which no valves are lifted in the 
stop position of the gear. An advantage of th is gear, which 
is worked easily by hand, even for the b iggest size of engine 
yet made, is th a t i t  is not necessary to shut off the steam when 
manoeuvring from full speed ahead to full speed astern , and 
recent tria ls w ith a 1,600 I .H .P . engine runn ing  a t 100 r.p .m . 
and g iv ing the ship a speed of about 10  knots, have proved tha t 
it  is possible under such circum stances to reverse the engine 
actually  from full speed ahead to full speed astern in about 
six seconds.

The diagram s given in F ig . 6 show the lift of the valves of 
a No. 8 standard  engine during the stroke of the pistons for 
th ree  different positions of the reversing gear, viz., notched up 
(a t +  15°) for norm al speed ahead, in the  stop position (0°) 
and for manoeuvring full speed astern  ( -  24°). As will be 
seen, the way in  which the valves are lifted  is not the same for 
top and bottom  valves, which of course m ust affect the form of 
the indicator diagram s, as will be shown la te r on.

F ig u re  7 gives a vertical section through the whole engine, 
showing the complete arrangem ent of the link  motion w ith the 
manoeuvring handw heel (A ), the eccentric rod (13), the con
necting  rods (C and D ), and the cam shaft (E ).

F ig u re  8 is partia lly  a section through  the engine, partia lly  a 
side view, showing the position of the cylinders, valves, cam
shafts and the manoeuvring panel w ith manoeuvring handw heel
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(A ), telegraph (F ) ,  main stop-valve handw heel (G ), speed- 
m eter (H ), direction indicator ( I ) ,  link motion indicator (K ), 
th ro ttle  valve (L ), the pressure and tem perature gauges (M)

HR INLET

HP.  E X H A U S T

LP E X H A U 5 T

TOP BOTTOM

______ -  15- A H E A D .
5  T o  p.

............  -  £ 4 *  A 5 T E . R H .
Fig . 6.

and the cylinder lubricators (N ). From  this view may also 
be seen how the engine has been enclosed, leaving open only 
the p art directly  under the cylinders, in order to make the 
piston rods and bottom  valve springs and covers accessible.



A

F ig . 7.
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F ig u re  9 gives a top view of the cylinders (left side) -with 
the m ain stop valve (0 )  and the live steam  pipes (P ) from the

stop valve to the H .P . in let v a lv es ; and also, on the rig h t side, 
a view on top of the engine casing showing the openings (Q) 
th rough  which the piston rods pass.

About the general design of the engine there is not much more 
to  be said, bu t I  should like to refer briefly to the piston rod



350 LENTZ STANDARD M ARINE EN G IN E.

stuffing boxes, the h.p. piston rings and the system  of cylinder 
lubrication, three details which deserve special a tten tion  when 
superheated steam  is used. As a m atter of fact, the only im
portan t trouble experienced w ith the first Lentz standard  
engines on board K .P.M . ships has been the rapid wear of piston 
rings, causing leakage of steam  and therefore also a high 
steam -consum ption. F igure 10 shows the type of rings 
originally  fitted in the first ships, being ordinary Pam sbottom  
piston rings of the well known “  lim ited pressure ” type (a ),

Fijr. 10.

which type has never given any trouble when fitted in recipro
cating  engines using satu ra ted  steam . The rapid wear of these 
rings in the first two or three Lentz engines induced us to try  
o ther types. Of these the type represented in F igure 10 (b ), 
for which we are indebted to the Diesel engine, has given sa tis
factory results. So also has the Davy Robertson type of piston 
rings shown in F igu re  10 (c), especially in one case where the 
H .P . cylinders had been made of P erlit cast-iron. In  the L .P . 
cylinders, Ram sbottom  and Lockwood & Carlisle piston rings 
have been tried, both w ith satisfactory  results.

The stuffing boxes shown in F igu re  3 are of the m ultiple ring 
type, each rin g  being divided into four parts. In  the first
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engines, rings made of nickel-bronze have been employed, bu t 
these have been replaced in the la te r engines by close-grained 
cast-iron rings of the  K reisinger type (F igu re  11) with ta n 
gential cuts, allowing all the four parts to rem ain tig h tly  fitted 
to the piston-rod, even when wear has occurred.

As regards the lubrication  of the cylinders, I  have tried  two 
system s and a t th is moment it cannot be said which of the 
two is superior. The first one tried  is the ordinary system  w ith  
an atom iser in the live steam  line to the cylinders, which system  
is perhaps the better, so far as lubrication is concerned, b u t a 
drawback is th a t the g reater part of the oil used rem ains in  the 
vapour and does not even touch the cylinder walls, b u t is simply 
blown into the condenser. Also it  would seem more sensible to 
lubricate a surface ra th e r than  a volume !
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For th a t reason I  have tried the o ther system  of lubri
cation, by means of sm all holes in  the cylinder wall 
through which the oil is b rough t into the cylinder, which 
has also been borrowed from the Diesel engine, and a 
num ber of Lentz engines of the K .P .M . have been fitted with 
th is system  of lubrication, the h.p. cylinders being lubricated 
at th ree points a t half-stroke, and, in a sim ilar way, the L .P . 
cylinders a t four points. W e have reasons to believe th a t with 
the la tte r  system less oil is required for proper lubrication than 
w ith the atom iser system , and we have found th a t from 0‘5— 
0'75 kg . ( IT — 1'7 lb .) per 1,000 I .I I .P .  is sufficient when using 
the last mentioned system , whereas w ith  atom isers §— 1  kg . 
(l'T —2'2 lb .) are w anted for 1,000 I .I I .P .

In  connection w ith the question of lubrication I  wish to m en
tion  th a t a recent tria l w ith Lockwood & Carlisle piston rings 
fitted  in the H .P . cylinders has not proved to be a success, so 
th a t we have been obliged to remove these rings and once more 
fit the Diesel engine type w ith  four small rings ; th is experience, 
however, m ay have been influenced by the system  of lubrica
tion  through holes in the cylinder wTall, which perhaps m ay not 
be suitable when using Lockwood & Carlisle’s piston rings, 
which, we have heard, have been tried  successfully on other 
superheated steam  engines. The lubricators used for the 
cylinders and H .P . piston rods are of the “  Delvac ”  type, 
supplied by the Vacuum Oil Company, which have been shown 
in F igure 8 .

As far as the general design of the Lentz standard  m arine 
engine for the K .P .M . vessels is concerned, I  have only to add 
th a t this design differs from the orig inal design of Messrs. W . 
Salge & Co., in th a t the engines made according to the la tte r 
design are not forced lubricated  and therefore are not enclosed. 
Furtherm ore, Messrs. Salge do not use valve cages and have a 
sligh tly  different design of valve spindles and valve chests. 
G enerally speaking the K .P .M . engines are also of a more 
stu rdy  and heavier design, bu t as far as the valve gear and valve 
m otion are concerned, we have followed the lines of Messrs. 
Salge’s design w ith the exception of the cams, which we have 
altered  sligh tly , according to our own practice.

Now I  would like to say som ething about the action of the 
steam  in the cylinders. As is known, in  the Lentz standard  
engine the orig inal principle of W oolf e’s compound steam 
engine has been adopted, i.e ., the steam  from the H .P . cylinder 
flows to  the L .P . cylinder, passing only one (overflow) valve,
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the difference w ith  the Lentz engine being th a t the pistons in 
the H .P . and L .P . cylinders work oppositely, so th a t the steam  
a t the top-side of the H .P . cylinder is also used for the top-side 
of the L .P . cylinder, and sim ilarly for tlie bottom  sides.

As mentioned before, the ra te  of expansion of the steam  
varies from 15'3 to 11, according to the cut-off of the  steam  in 
the cylinders.

In  connection w ith th is I  should like to quote here a few lines 
from a book which lias been w ritten  more than  10 0  years ago by 
R obert S tuart, en titled  “  A descriptive history of the steam  
eng ine ,” in which m ay be read on page .169:

“  In  practice (however) it has been found th a t the best p ro
portion between the cylinders is to allow of an expansion of 
from six to nine tim es, being the ra te  of expansion as sta ted  by 
Mr. W o o lfe ; above nine times being considered (a t present) 
somewhat problem atical! ”

From  th is we m ay conclude th a t there have been made im 
provements in engineering since 1825, b u t also th a t “  Mr. 
W oolfe ”  in his tim e m ust have had ra ther advanced ideas as 
regards the possibilities of the steam engine !

As regards the  steam  pressure which is generally  used for 
Lentz standard  m arine engines it is about 14 k g . / cm .2 =  about 
200  lb ./sq . in. a t the engine stop valve.

In  F ig u re  12 a few diagram s, taken recently  from a No. 8 
engine during the m easured mile tria ls  of the ship, are shown. 
The first four are diagram s at fu ll speed, the  engine runn ing  
a t 105 r.p .m . and developing 1,050 I .H .P . w ith  an average cu t
off in the H .P . cylinders of 40% , the valve gear being linked 
up a t + 1 6 °. The second four are diagram s a t a lower speed, the 
engine developing 820 I .H .P . a t 97 r.p .m ., w ith  an average 
cut-off of 30%, the  valve gear being linked up at + 1 2 °. From  
these diagram s it will be seen th a t there is a rem arkable differ
ence in the horse-power developed by the H .P . and L .P . 
cylinders, a property  common to all Lentz standard  m arine 
engines, which is due to the ratio  of the cylinders orig inally  
chosen.

The difference in the form of the diagram s for top and 
bottom  m ay also be seen, th is being caused by the  K lug link  
m otion. In  th is respect the H .P . diagram s for full speed show 
the m ost rem arkable differences, also as regards the pressure 
of the exhaust steam  at top and bottom  sides, which is sligh tly  
h igher on the bottom -side th an  on the top. In  F ig u re  13 one
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set of the above-mentioned diagram s is shown for the same 
pressure scale, and from these diagram s may be seen the effect 
of the resistance in the overflow valve between the H .P . and 
L .P . cylinders on the pressure of the steam , indicated by the

F ig . 12
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hatched parts between H .P . and L .P . top diagram s and between
H .P . and L .P . bottom  diagram s. As the drop of pressure is 
about 0'5 k g ./c m .2 (7‘11 lb ./sq . in .) we m ay conclude th a t  the 
dimensions of the overflow valve are not sufficiently large to 
allow for a sm all drop of pressure, and therefore should have 
been made larger. As regards the tem perature at which the 
steam  is adm itted  to the H .P . cylinders, it has been our prac
tice not to go higher than  300° C. (572° E .) , which means 
103° C. (185° F .)  superheat. A t th is tem perature the  engines 
have been found still to work satisfactorily .

W  e now come to the results of steam  consum ption, which has 
been measured on several occasions in engines of different sizes. 
This consum ption we have found never to be under 5 k g . or
1 1  lb. per I .H .P . per hour for the m ain engine only, w ithout 
any auxiliaries, which is certainly not a s trik in g  result, bu t 
w hich m ust be regarded in the ligh t of the circum stances. In  
this connection, I w ant to give a few particu lars concerning the 
engine installa tions and the conditions under which the engines 
have to work.

The boilers on board all the Lentz engined K .P .M . 
ships are of the Babcock & W ilcox w ater-tube type 
which, in com bination w ith  the Underfeed m echanical 
stoker, has never given any serious trouble. In  fact, 
they  have proved to be very satisfactory  on board the 
K .P .M .’s ships. The only im portant drawback of th is type 
of boiler is its sensitiveness to lubricating oil from the cylin
ders, which it is practically  impossible (w ithout very special 
apparatus) to wholly ex tract from the feed w ater before th is is 
pum ped to the boilers. For th is reason it  is of g rea t im port
ance to lubricate  as little  as possible, b u t a certain  q u an tity  of 
oil is always necessary w ith superheated steam , and therefore 
i t  is a necessity to ex tract the oil contained by the steam  or the 
feed w ater as fa r as possible. The first engines have been fitted 
for th is purpose w ith  oil separators placed in the exhaust steam 
pipes betw een the L .P . cylinders and the condensers. W ith  
these separators, which w ork on the cen trifugal principle, it 
has been possible to get the g reater p art of the oil separated 
from the steam , before en tering  the condenser, the only draw'- 
back being the increase of the resistance in the exhaust steam  
line, as this, of course, affects the steam  consum ption.

F o r the  la test engines I  have, therefore, abandoned this 
system  and have now applied an improved oil separator in the 
feed line, which has also given satisfactory  resu lts. As regards



356 LENTZ STANDARD M A R IN E EN G IN E.

the am ount of oil contained in the feed water, we have found it 
possible to reduce the quan tity  of oil carried over w ith the feed 
from 20 m illigram s per kg . of feed w ater to 5 m illi
gram s per kg . A lthough it  has been found possible 
to  ex tract all the  free oil contained in the feed w ater, 
th is is not so easy w ith the oil suspended in the liquid as an

P is . 13

emulsion. In  th is respect I  wish to m ention two brands of 
cylinder oil which I  have tried , viz., “  Vacuum ”  oil 600 W . 
m ineral, and “ Shell ”  oil B. 6 , of which the la tte r  seems to 
em ulsify less.

The removal of the oil separator from the exhaust steam  line 
having improved the vacuum  in the L .P . cylinders during the 
exhaust period, it m ust also have im proved the steam  consump
tion, bu t as we have not yet records available, no reliable data 
can be given in this paper.

F u rth er, i t  has to be remem bered, in com paring the figure of
1 1  Yb. of steam  consumption per I .H .P . with figures obtained
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w ith  other engines, th a t the K .P .M .’s ships trade in tropical 
w aters a t a tem perature of 30° C. or 86°  F ., and for th is reason 
the steam  consum ption m ust be h igher than  it would be w ith  a 
higher vacuum in the condenser.

In  table I I  have been given a few results from records taken 
from ships in the E ast Indies.

TA B LE II.

Size N o ................................... 7 9 10 12

I .H .P . (designed) ............ 750 1,200 1,800 2 x 3 ,0 0 0

D a t e ........................................ 8/7/26 22/7/27 22/7/28 1-2/10/28

H ours m easured ................. 16 64 5 8

I .H .P . (developed) ............ 580 1,060 1,450 4,300

Revs, per m in u te ................. 1 2 0 0 1 0 0 0 1091 93 6

Steam  p ressu re  ................. 14 '2  kg /cm .2 
(202 lb./sq.")

12 '7 5 k g /em ,2
(181’41b./sq.")

12 '5  kg /cm .2 
(177*81b./sq.")

14'1 kg /cm .2 
(200‘51b./sq.")

T em peratu re  of steam  ... 295°C.
(563°F.)

313°C.
(595°F.)

290°C.
(554°F.)

265°C.
(509°F.)

V acuum  ............................... 69’3 cm . 
(27-3")

67'1 cm .
(26 4")

69 '0  cm . 
(27-1")

69 '2  cm . 
(27'2")

E x h a u s t p ressure in L .P . 
cylinders.

0 '22  kg /cm .2 
(3' 13 lb ./s q .")

0 '2  kg /cm .2 
(2 '84 lb . /s q .")

O’27 kg /cm .2 
(3'85 lb ./s q .")

0"22 kg /cm .2 
(3-13 lb ./sq ." )

S team  cut-off in  H .P . 
cylinders

30% 36% 36-5% 34-5%

Steam  consum ption  per 
I .H .P . ,  a ll to ld .

—
F

6 6 5  kg. 
(14-67 lb.)

F
6 '4  kg. 

(14-11 lb.)

F
6 '21 kg. 

(13-69 lb.)

S team  consum ption  per 
I .H .P . per hou r, m ain  
engine only.

F
5 kg. 

(11-03 lb.)

F
5 kg. 

(11-03 lb.)
5 kg. 

(11-03 lb.)
5 kg. 

(11-03 lb.)

F — M easured. 1— C alculated.
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W e have also had the opportunity  to m easure the shaft 
horse-power for various speeds on a num ber of ships 
by means of a torsionm eter, and as a result have found 
that the maximum mechanical efficiency of the force- 
lubricated Lentz standard  m arine engine is about 90-91%. I t  
m ust be added, however, th a t the engines which we have 
m easured do not drive any air, san itary  or feed pumps, only a 
bilge pump and a small lubricating  oil pump, while in all cases 
a Michell thrust-b lock had been installed.

F igure 14 gives the I .H .P .,  S .H .P . and efficiency curves for 
a No. 10 size engine, designed to develop 1800 I .H .P .

As regards the w orking of the Lentz engine, we are able to 
say th a t all the 24 engines which we have put in service since 
1926, when the first K .P .M . ships fitted w ith Lentz standard  
m arine engines went to the E ast Indies, have not given any 
particu lar trouble up to the present tim e. On the contrary, 
we feel obliged to say th a t the valves and valve gear have always 
worked very sa tisfac to rily ; in fact we know of only two cases 
in  which the poppet valves have been involved. Only once a 
break-down of an L .P . exhaust valve has been reported, bu t 
th is was not a serious case, and a fte r a spare valve had been 
fitted the ship continued its voyage. The second time, during 
an  overhaul of the engine, a crack was found in one of the 
valves. In  our opinion, both failures m ust have been due to 
faults of m aterial. Generally speaking, I  m ay say th a t the 
Lentz standard m arine engine has proved to be perfectly  re li
able, also in heavy w eather conditions w ith  racing engines, 
which we have experienced more than  once. Furtherm ore, the 
costs for upkeep and ordinary repairs have always been very 
low. Of the tw enty-four Lentz engines installed on board 
K .P .M . ships, five are of the No. 7 size, five of No. 8 size, six of 
No. 9 size, six of No. 10 size, and two of No. 12 size, w ith a to tal 
developed horse-power of 33,000 I .H .P .,  while two No. 8 size 
engines and one No. 10 size engine are now in course of con
struction.

F igures 15 and 16 show the standard  engine room arrange
m ent of a num ber of K .P .M . ships equipped w ith  a No. 10 Lentz 
standard  m arine engine and two Babcock & W ilcox boilers 
fitted with “ Underfeed ” stokers, while plate I  is a photo
graph of a No. 7, p late I I  of a No. 10, and plate I I I  of a No. 12 
to ta lly  enclosed engine.

Concerning steam  consum ption, it will be seen from the 
figures m entioned th a t the actual steam  consum ption, as we
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have found it, is h igher than  the consum ption expected by the 
designers, M essrs. Salge & Co. Even when the resistance in 
the L .P . exhaust has been improved, we do not expect to find 
a b e tte r steam  consum ption th an  4'9 kg . or 10'8 lb. per I .H .P . 
for engines of the original design. W e believe th a t th is result 
can be improved by en larg ing  the size of the overflow valve

and thereby dim inishing the resistance in the steam passage 
between H .P . and L .P . cylinders, the drawback being how
ever, if doing so, th a t the clearance volume of the L .P . cylinder 
which is already on the h igh  side, m igh t be increased. Also 
the resistance in the L.P. exhaust valve m ight perhaps be de
creased, as the velocity of the steam appears to be rather high,
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as in the H .P . exhaust valve. As regards the tem perature of 
the steam  it m ust be stated  th a t the maximum tem perature 
of the steam on board K .P .M . vessels, 300° C. (572° F .)  is 
lower than  the tem perature of 325° C. (617° F .)  prescribed by

Plate I.

Messrs. Salge & Co. for the best atta inable steam  consumption, 
which of course should be taken into consideration when m ak
ing  a comparison. W hen com paring these figures w ith records 
taken  from other superheated steam  engines, the mechanical 
efficiency should also be considered, and although we have not 
yet been able to investigate  the ordinary slide valve engine, 
we do not expect it  to have a h igher m echanical efficiency than 
87 or 8 8 % under sim ilar circum stances to those obtaining w ith
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the Lentz engine. In  this respect the Lentz engine has a posi
tive advantage over the slide valve engine, and afte r all, it is 
the consum ption per shaft horse-power which should be con
sidered.

I f  I  may now sum m arise my rem arks on the results and pro
perties of the Lentz standard  m arine engine, I  m ight mention 
once more the following ad v an tag es:—

Pl
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(a) The large ra tio  of expansion, which allows the use of 
superheat in the steam  to a large extent.

(b) 0 ne-w7ay flow of the steam  through  the passages between 
the cylinders, which means less condensation.

(c) Very effective insulation of the cylinders and steam  
passages and therefore little  loss of heat.

(d ) Simple design of valves and valve gears.
(e) R em arkably  good and simple manoeuvring, which cer

ta in ly  is one of the features of the Lentz engine.
( /)  P ossib ility  of overloading the engine and developing 

more horse-power, if necessary, w ithout experiencing trouble 
w ith  the engine.

(g ) H igh  m echanical efficiency.
(h ) S u itab ility  for totally-enclosing the engine to apply 

forced-lubrication.
(i)  Su itab ility  to use h igher steam  pressure and h igher steam  

tem perature, th an  will be advisable for ordinary slide valve 
engines, owing to absence of slide valves and because less 
lubricating-oil is required.

The drawbacks are :—
(a) There are four cylinders and driving mechanisms instead 

of three w ith the triple-expansion engine, which makes the 
Lentz engine heavier and more expensive to make.

(b) R elatively large clearance volumes.
(c) H igh  velocity of the steam  in the H .P . and L .P . exhaust 

valves, due to the resistance in the valves.
(d ) L arge difference in horse-power between H .P . and L .P . 

cylinders.
(e) No possibility of bleeding the steam  for hea ting  purposes, 

th rough absence of a receiver.
Before concluding I  m ight add to w hat I  have said about the 

Lentz standard  m arine engine th a t i t  has certain ly  proved to be 
a very good m arine engine from a practical point of view, but 
th a t i t  will be questionable w hether the steam  consum ption can 
be considerably improved, w ithout increasing the steam  tem 
peratu re  as well. Also I  do not th ink  th a t m any large Lentz 
engines will be made, as it certain ly  cannot compete w ith  a 
modern geared tu rb ine  installa tion  of 3,000 S .H .P . or more 
as regards the steam  consum ption. Anyhow it w ill be in te rest
ing to watch the efforts of the designers of the Lentz m arine
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engine and of those of the ordinary slide valve engine and of 
the uniflow m arine engine, which type has also been tried  now 
on board ships, to see which of the three will win in the long 
run.

DISCUSSION.

The C h a i r m a n  : I  am quite sure th a t you have all listened 
w ith  g reat enjoym ent and appreciation to Mr. M uller’s paper, 
and his description of the Lentz m arine engine, illustra ted  by 
the very complete and excellent series of lan tern  slides. I  have 
no doubt th a t, no tw ithstanding  his exhaustive trea tm ent of the 
subject, there are points on which some of you would like to 
comment or to ask for fu rther inform ation, and I  will now invite 
questions, to which M r. M uller will be pleased to reply as far 
as time perm its.

Mr. J . K t j p k a  (V isitor) : As a representative of Mr. W illy 
Salge, the owner of the paten t righ ts  for the Lentz S tandard 
M arine Engine, I most heartily  congratulate M r. M uller on tlie 
excellent way in which he has presented his most in teresting  
paper to the In stitu tio n . Mr. Salge unfortunate ly  is unable to 
a ttend  the m eeting, and I  am desired by him to reply to Mr. 
M uller on his behalf.

I  th ink  you will agree w ith me th a t it was a very bold step 
indeed th a t the K .P.M . should have introduced a new type of 
m arine engine on such a large scale, especially if it is borne in 
mind th a t a t the tim e the decision was made there was very 
little  known in the way of practical experience beyond the data 
obtained from S.S. Bilbao. Ju d g in g  from Mr. M uller’s paper 
it would appear tha t the actual w orking results are fairly  satis
factory. I  propose dealing with the various points of my reply 
in the sequence of Mr. M uller’s paper.

1. There are seven sizes of the Lentz S tandard M arine 
Engine, so th a t the power output thus varies from 400 cylinder 
horse-power to 5,000. However, up to the present tim e only 
six sizes have been actually  built.

2. The cylinders ra tio  of high pressure and low pressure 
cylinder volumes is 1 :4'T5 and I do not quite know w hat Mr. 
M uller means by the ratio  1 :4"6, as indicated in his paper.

3. The most im portant point, however, concerns the discre
pancies between the steam  consumption figures as anticipated 
by the designers and those obtained in actual service by Mr. 
M uller. In  the first instance, M r. M uller says him self th a t the 
K .P .M . have deviated in various ways from the designs pro
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posed by Messrs. W illy  Salge. The K .P .M . engines had to be 
designed specially to su it tropical conditions which resulted  in 
their being heavier and b igger th an  the original Lentz S tandard 
M arine E ngine as designed by M essrs. W illy  Salge. There 
have also been modifications made in  the steam  and exhaust 
ports aga inst the orig inal designs inasm uch as valve cages have 
been employed.

I  am not overstating the case in  the least w h e n l  say tha t this 
modification is largely responsible for the higher steam con
sum ption figures. The orig inal designs as you will see from 
the lan tern  slide have unobstructed passages for the steam . 
There are no valve cages. Of course, it  is perfectly understand
able th a t a t first s igh t one would be tem pted to have cages 
fitted. In  this country double beat valves are more commonly 
known as drop valves and quite n a tu ra lly  one associates th is 
kind of valve w ith a ham m ering action. Obviously if th is  is 
the case, wear on the seats m ust take place-. The cam action on 
the Lentz engines, however, is different. The valves do not 
drop on th e ir seats. They do not ham m er. The cam takes 
care th a t the valve comes down on its seat w ith  the least pos
sible am ount of shock. Therefore the life of the valve seats and 
valves is very long indeed.

>Some two or three years ago I was called upon to reset the 
poppet valve gear on an old trip le expansion engine bu ilt in 
1912. This engine was installed  on a boat, owned by Messrs. 
H ogarth , of Glasgow, the S.S. Baron Forbes. I  was told by 
the engineer th a t most of the orig inal valves were still in place, 
and th a t the valve seats on the cylinder casting were in excel
len t condition. The engineer told me th a t in two instances 
during his tim e the valves had broken. He a ttrib u ted  this 
failure to the cam se ttin g  being wrong, which m eant th a t the 
valves ham m ered on th e ir seats. N evertheless, the seat and 
the cylinder casting  did not show any sign of dam age. I t  was 
the valves which were damaged.

I f  it is desired to have renewable seats, which is ra ther of im 
portance from the  point of view of m achining operations in 
m anufacture, th is object can be achieved by using cast iron 
rings which are fastened to the cylinder castings by means of 
set screws, These rings fulfil their purpose ju st as well as the 
valve cages, and, in addition, they  do not im pair the co-efficient 
of orifice.

One of the m ost im portant conditions for the efficiency of a 
compound engine or m ultiple expansion engine is the avoidance
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of wire draw ing losses. As you well know' it is quite an easy 
job to get tbe steam  to en ter into a cylinder, bu t it  takes some 
gentle persuasion to induce it  to get out, as one cannot m ake 
the exits wide enough. W h a t, then , is the use of providing a 
poppet valve gear which gives favourable sectional areas for 
steam  admission and exhaust if you put a very serious obstruc
tion in  the  flow of the steam  by  providing these valve cages. 
They are a nuisance; and although I  cannot give any definite 
figures to show w hat th e ir harm ful effect on the co-efficient of 
orifice am ounts to, I  should like to cite the following case.

Some little  while ago my firm had to get out designs for a 
h igh  speed compound poppet valve reciprocating engine. The 
cylinder castings were very in tricate , and quite natu ra lly  i t  was 
desired th a t the valve seats should be renewable.. One engine 
was fitted w ith  valve cages, another w ith  renewable rings. The 
valve w orking in  the cage had a diam eter of 220 mm., the valve 
w orking on a plain rin g  had a diam eter of 200 mm. From  
sxibsequent indicator diagram s it  was evident th a t the drop in 
pressure on the admission line was equal in both cases, in fact, 
especially a t high speeds the engine w orking w ithout cages 
behaved better. I t  was possible to obtain the same output of 
power w ith an earlier ra te  of cut off.

I  should like, however, to emphasise the fact th a t on all the 
K .P .M . boats the valve dimensions have not been increased to 
suit the restric ted  co-efficient of orifice, and I  subm it th a t we 
m ust not be surprised at having these discrepancies in the 
steam  consum ption figures.

The estim ated steam  consumption figxires per indicated horse
power hour as contained in Table 1 of Mr. M uller’s paper are 
based upon certain assum ptions regard ing  rates of cut-off, etc. 
They have been partly  obtained by calculation and are partly  
based on results obtained on S.S. Bilbao, as well as experim ents 
carried out by Messrs. Lanz, M annheim. Thus the reason why 
these figures have not been obtained on theK .P .M . boats is due 
to the  fact th a t the rates of cut-off required to obtain the neces
sary horse-power had to  be increased because of the losses 
caused by the valve cages.

4. M r. M uller suggests th a t it was a m istake th a t the h igh  
pressure in let and high pressure exhaust valves were made the 
same diam eter and provided w ith the same valve lift. I  subm it 
th a t th is is not a m istake, and these dimensions have been 
chosen afte r careful consideration of the circum stances. In  
Germ any as well as in Scandinavia it was not considered likely
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th a t the liigher engine speeds contained in the tables should be 
employed, because it was thought th a t the propeller efficiency 
a t these h igher speeds m igh t be im paired. Therefore the steam  
velocities in the h igh  pressure exhaust valves at the sm aller 
engine speeds are quite norm al under the assum ption th a t the 
superheat on which the steam  consum ption figures were based 
was really  obtained.

L a te r on, however, the K .P .M . decided w ith  a view to obtain
ing the best possible u tilisation  of the engine to increase the 
speed, and obviously the steam  velocities will increase accord
ingly, and in some cases the critical lim its m ay have been 
reached so th a t the pressure drops as indicated by Mr. M uller 
are explained. W hereas in the case of m otor ships the pro
peller speed corresponds in some instances to piston speeds as 
h igh  as 6’2 m. per sec. or 19 ft. per sec. the valve dimensions of 
the orig inal Lentz S tandard  M arine E ngine are based on a 
piston speed of 4'5 m. per sec. or 13'7 ft. per sec.

Therefore, I  would like to em phasise th a t it was not the valve 
dim ensions of the Lentz S tandard M arine E ngines which were 
w rong to s ta rt w ith , bu t th a t the demands made on the engine 
speed have exceeded the  original average estim ate. Thus in all 
these cases where the engine speed is on the h igh  side the high 
pressure exhaust valves which are a t the same time low pressure 
in let valves have been increased, w ith the resu lt tha t the drop 
in pressure has been reduced considerably.

I t  m ay perhaps be of in terest a t this point to consider w hat 
can be obtained in the way of steam  consum ption figures on a 
6-valve W oolf compound engine having poppet valves.

I  have in my possession data referring  to tria l tests carried 
out w ith  a locomobile bu ilt by M essrs. Lanz w orking on the 
W oolf compound principle and fitted w ith  Lentz poppet valves. 
F u ll advantage of poppet valves was taken  in  th is case by 
increasing the superheat to 413° C. in one case and 338° C. in 
ano ther case. The absolute w orking pressures were 15'24 kg . 
per sq. cm. in  the first instance and 12 kg . per sq. cm. in the 
second case, which brings the increase in tem perature due to 
the superheat to 212'2° and 147° C. respectively.

The steam  consum ption figures per indicated cylinder horse
power hour were 3'502 kg . w ith  a h igher superheat, which 
corresponds to 7'8 lbs. and 4 15  k g . in the second case which 
corresponds to 9’4 lbs. The engine speed was in  both cases 
150 r.p .m . The cylinder dimensions were 210 mm. on the high 
pressure cylinders and 430 mm. on the low pressure cylinders.
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The piston stroke was 480 mm. The condenser vacuum  wras 
approxim ately 91% . The results of these tests were checked 
by the Y .D .I (In stitu tio n  of German E ngineers) and the In te r
national Association of Boiler Inspection Companies, according 
to the standards laid down in Germ any for tests on steam boilers 
and steam engines.

I  th ink  you will agree w ith me, th a t if these results are pos
sible w ith  reciprocating steam  engines w orking under condi
tions very sim ilar to those on board ship there is every justifica
tion to call for still h igher superheats for m arine engines having 
poppet valves, in fact, the h igher the superheat the more advan
tages are obtained by using poppet valves.

I  may say th a t in locomotive practice the organisation tha t I 
am associated w ith has occasionally to reckon w ith to tal steam  
tem peratures up to 400° C. a t 16 kgs. boiler pressure. From  a 
mechanical point of view the poppet valve gear works perfectly 
satisfactorily  and it is needless to say th a t in locomotive service 
the demands made on the poppet valves are very much more 
severe than  on m arine engines. The speeds go as h igh  as 
375/400 r.p .m . and yet no trouble is experienced.

Mr. M uller refers to the uneven steam  distribution as 
obtained w ith the K lug Gear, which of course m ust affect the 
area of the indicator diagram s.

W hilst the H ackw orth Gear is generally capable of giving a 
be tte r equalisation of the steam  diagram  cards, quite a simple 
device results in a substan tial improvement w ith the K lug Gear. 
All th a t is necessary is a sligh t displacement of the angle of the 
keyw ay for the eccentric.

W hereas theoretically the eccentric should have the same 
angle as the crank it is found now th a t by moving the eccentric 
keyway by roughly 5° aga inst the direction of ro tation a m ain 
crank compensation of the diagram  cards can be obtained. This 
im provem ent has been carried out by the Danzig W erft on a 
No. 9 type of Lentz engine on two boats, and as you can see 
from the lan tern  slides, the results a re  very good indeed.

7. On the question of lubrication  it is very difficult to say 
definitely at the present stage which is the most efficient system. 
A t the present mom ent a very exhaustive enquiry is being made 
on the subject, and it is hoped th a t in a few m onths tim e definite 
resu lts w ill be available.

The K .P .M . have altered the cam design sligh tly  in accord
ance w ith  their own practice. I t  would be in teresting  to know
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if Mr. M uller would indicate the natu re  of tlie a lterations. 
Perhaps he may have tried to compensate the unequal steam  
d istribu tion  for one ra te  of cut-off only, by m aking different 
angles of lap and lead for the top and bottom  cams. W ith  a 
valve motion of the Hack w orth / K lug type th is could be only 
done a t the expense of o ther gear positions.

9. A nother reason why the engine powers on the K .P .M . 
engines have been obtained a t different rates of cut-off as 
aga inst those which were investigated  by the designers, may be 
th a t the boiler pressure was in most cases below the 14'5 atm . 
or 215 lbs. on which the designs were based. Since the mean 
effective pressure is largely  dependent upon the pressure during 
the adm ission, the only way to increase the same is to lengthen 
the ra te  of cut-off. This means an increase in pressure drop 
between the low and high pressure cylinders due to the valve 
cages which in tu rn  decrease the mean effective pressure in the 
low pressure cylinders. Thus, tlie discrepancies between the 
powers as developed in high pressure and low pressure cylinders 
can be explained.

10. Mr. M uller does not expect to obtain sm aller steam  con
sum ption figures than 4'9 kgs. or 10'8 lbs. per indicated l i .p ./ 
hour for engines of the orig inal design. H e believes th a t this 
resu lt m ight perhaps be capable of some sligh t im provem ent by 
en larg ing  the diam eter of the in term ediate valve betw een the 
h igh  pressure and low pressure cylinders, which in his opinion 
means th a t the clearance volume of the low pressure cylinder, 
which he th inks is already on the high side, m igh t s till be 
increased.

F irs tly , it m ay be of in terest to know th a t the No. 10 S tan
dard M arine Engines as originally designed and w orking on the 
steam ers Ernest Hugo Stinnes and E lsie  H ugo Stinnes  have 
shown the following results :—

I  m ay say, and I  th ink  you will agree w ith  me th a t it is of 
g rea t im portance th a t these results are based on correct 
m easurem ents of steam  and not based on coal consum ption 
figures. The w orking pressure was 13'5 kgs. per square centi
m etre, or 198 lbs. per sq. in. The steam  tem perature a t the 
stop valve was 282° C. and the vacuum was 88%.

The owners, Messrs. The Stinnes Steam Shipping Co., have 
sta ted  th a t the steam  consumption per indicated h .p ./h o u r  as 
m easured by them , was 4‘67 kgs. or 10’5 lbs. I f  the to ta l steam  
tem perature had been 313° C. the steam  consum ption would
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have dropped to 4'4 kgs. or 9'9 lbs., and w ith a steam  tem pera
tu re  of 325° C. the steam  consumption would have been 4'32 kg . 
or 9’7 lbs. per indicated h .p ./h o u r.

To be perfectly fair, I  feel obliged to repeat th a t if Mr. M uller 
is disappointed w ith the steam  consumption figures, i t  is not the 
fau lt of the Lentz E ngine a t all, but ra ther due to the fact th a t 
certain  prim ary conditions have not quite been fulfilled.

For the sake of economy it is essential th a t a compound 
engine should work w ith as high a superheat as possible. The 
m axim um  tem perature so far obtained in actual w orking condi
tions has been found on the S.S. Casablanca owned by Messrs. 
O ldenburg Portuguese Steam ship Co. where an average tem 
peratu re at the stop valve of 340° C. has been measured, w ith 
out unduly high tem perature of the flue gases.

As the diam eters of the interm ediate valves have already been 
increased in view of the unexpected h igher engine speeds, i t  is 
in teresting  to note th a t the increase in clearance volume, which 
Mr. M uller anticipates, is not the case in spite of the larger 
valve diam eters. This was possible by im proving the shape of 
the  steam  passage.

As regards the m echanical efficiency of piston and slide valve 
engines, Mr. M uller th inks th a t 87 or 88% should be a substan
tia lly  correct estim ate. From  inform ation received from ship
build ing firms in H am burg and S te ttin , it would appear th a t 
84 to 86% would be nearer the m ark.

I  do not th ink  it is an exaggerated  statem ent to say th a t the 
difference in m echanical efficiency between the Lentz S tandard 
M arine E ngine and the ordinary types is approxim ately 5% , 
especially if it is borne in mind th a t in the case of the trip le 
expansion engine there are six eccentric sheaves grinding round 
all the tim e and dragging  along the heavy slide valves w ith 
th e ir frictional resistances.

W ith  a view to im proving the engine efficiency the pumps 
have been separated purposely from the main engine, which in 
addition offers the advantage th a t the additional exhaust steam 
of the auxiliary  engine is available for feed w ater hea ter 
purposes.

W hen Mr. M uller sum m arises the advantages of the Lentz 
S tandard M arine E ngine he omits to m ention a very im portant 
feature, which is of g reat im portance in view of the figures 
obtained by the Lanz Locomobile, which I  have indicated 
previously.
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I t  is desirable to use a h igher steam  tem perature and to sup
p o rt h igher steam  pressures owing to the absence of slide valves. 
There is still to-day a considerable am ount of prejudice on th a t 
account. I t  is frequently  said th a t the poppet valve warps a t 
h igh  tem peratures, and th a t it is impossible to keep it steam- 
tig h t. In  locomotive practice, however, there is a grow ing 
tendency, especially in France, where the locomotive designers 
have always been m asters in designing efficient compound 
engines, to work w ith  to tal steam  tem peratures of about 400° C. 
a t  a w orking pressure of 17 atm .

A certain  am ount of trouble on account of valve lubrication  is 
experienced and chiefly concerns the low-pressure cylinders, 
where w ith  a view to obtain ing  a good co-efficient of orifice, 
the piston valves are substitu ted  by slide valves. A slide valve, 
however, has a very serious disadvantage on account of inertia 
effects, when it  is considered th a t the m aximum engine speed is 
abou t 375 r.p .m . Yery good results have been obtained by the 
substitu tion  of slide valves by poppet valves.

W hen discussing the drawbacks of the Lentz Standard 
M arine E ngine, Mr. M uller states th a t the Lentz engine on 
account of having four cylinders and driv ing m echanism is 
heavier. W ith  the g reatest respect I  have for Mr. M uller, I  
beg  to contradict th a t statem ent. Based on equal engine 
speeds the Lentz S tandard M arine E ngine as bu ilt to the 
original design is not only not heavier than  a triple-expansion 
engine, b u t lig h te r. There is a difference of approxim ately 8% 
in favour of the Lentz E ngine. Mr. M uller, of course, bases 
his statem ent on the K .P.M . variety , which has been re in 
forced on account of special conditions.

11b . On the question of clearance volume it should be borne 
in mind th a t the h igh  pressure cylinder clearance volume has 
very  little  effect on the steam  consumption.

On the orig inal Lentz S tandard  M arine E ngine the rates of 
compression are fixed in such a way th a t the admission pressure 
equals the term inal pressure at the end of compression which 
means th a t  there is very little  drop in tem perature. The 
diagram s shown by Mr. M uller, which are taken on a K .P .M . 
engine, do not, however, fulfil th is condition.

I  would suggest th a t the selection of the valve events should 
be made to su it the above m entioned condition. I f  you compare 
th e  Lentz S tandard  M arine E ngine w ith a trip le  expansion 
engine or a quadruple engine, you will find th a t the possible 
sources of losses m ust be sm aller on a Lentz E ngine than  on
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ordinary engines. There are only two volumes in the case of 
the Lentz E ngine where losses could occur, against five volumes 
w ith a triple expansion engine, and seven volumes w ith  a quad
ruple engine.

11c. If  the shape of the orifice round the valve seats is de
signed properly w ithout undue restrictions the velocity of 
steam  through the valves is not g reater than  the adm issible 
values. There is also to be considered tha t a change of direc
tion of the steam  through the ports has a certain  influence on 
the relative values so far as resistance of 1 sq. cm. of piston 
valve and poppet valve area is concerned. I t  is no t quite cor
rect to compare sectional areas only, regardless of the flow of 
steam .

111). The great difference in pressure between the high- 
pressure and low-pressure cylinders is largely a ttrib u ted  to the 
interm ediate valve between the high-pressure and low-pressure 
cylinder. So far, the Lentz S tandard M arine E ngine has been 
designed, as the very name says, as a standardised engine, 
which should be applicable th roughout a certain  range of 
speeds. In  view of the experience gained in the m eantim e, 
however, the diam eters of the interm ediate valves have been 
increased and the results obtained are so satisfactory  tha t all 
the new engines will have larger interm ediate valves.

I f  it is desired to bleed steam for heating  purposes special 
arrangem ents have now been made to fulfil th is purpose. I t  can 
be done either by bleeding the high-pressure cylinder during the 
expansion period or, as another alternative, by bleeding steam  
overflowing from the high-pressure cylinder to the low-pressure 
cylinder through a special valve, which is actuated by the in ter
m ediate valve. Thus it was possible on a Swedish boat to 
increase the feed w ater tem perature to 160° C. at the entrances 
to the boiler through this bleeding.

In  conclusion, I  may also m ention th a t Messrs. W illy  Salge 
and Co. are at present investigating  the possibilities of high- 
pressure steam  in conjunction w ith a reciprocating engine and 
it is anticipated th a t the upper lim it of horse-power in order to 
compete w ith geared turbine will then be raised to approxi
m ately 4,500 H .P . as a steam  pressure of 30 kg . per cm. sq. is 
considered. W ith  still h igher pressures the lim it will be 
reached probably w ith  8,000 H .P . In  conclusion, Mr. Salge 
wishes to express his g reatest appreciation and thanks for the 
m ost helpful way in which Mr. M uller has always co-operated 
towards the nerfection cf' the Lentz S tandard  M arine Engine.
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Mr. Salge g ladly acknowledges th a t he does not know of any 
other M arine Superintendent who showed such a g reat in terest 
and who contributed so m any valuable suggestions to make a 
success of the job. I t  was m ostly due to his advice gained on 
the experience w ith  the various sizes of the Lentz S tandard 
M arine E ngine service on the K .P .M . th a t we were able to 
m ake such g reat im provem ents on our original designs th a t to
day the Lentz S tandard  M arine E ngine ranks foremost in Ger
many and Scandinavian countries.

I  th ink  we all ought to be very thankfu l indeed to Mr. M uller 
for having again  proved him self a pioneer in the development 
of m arine prim e movers.

Mr. A. E .  E v a n s : I  am very glad to have the opportunity  to 
congratu late , no t only the designers, bu t also the users of the 
Lentz engine, which I  th ink  all in terna l combustion engineers 
look upon as one of the shining ligh ts of the steam  engine 
world.

I t  m ust have required a considerable am ount of pluck and 
enterprise to follow the path  prepared by the in terna l combus
tion engine when we consider th a t this departure was made 
ju s t a t the tim e when the Diesel engine, in its  m arine applica
tion, was certain ly  not looked upon in a very favourable lig h t.

In  departing  from the  orthodox they would appear to have 
adopted ju s t those th ings th a t the steam  engine lacked, and as 
regards standard isation , while th is is somewhat of a novelty in 
steam  engine practice, the more th a t can be done in  this direc
tion the be tte r for all concerned.

W ith  regard  to the question of valves, it will be remembered 
th a t the in terna l combustion engine started  w ith  the sliding 
valve, bu t very soon changed over to the poppet type as being1 
more suitable for dealing w ith  hot gases.

In  adopting the poppet valve for high tem perature t 'earn 
the designers of the Lentz engine are probably correct, no tw ith 
stand ing  th a t some types of the sm aller high speed in ternal 
com bustion engines have reverted to the sliding valve. In  this 
connection I  should like to ask  Mr. M uller w hether he has tried 
the  use of h igh  chromium  steels for his valve heads.

W ith  regard  to lubrication, one can readily  visualise tha t 
there m ust have been m any difficulties to overcome, bu t the 
results appear to indicate th a t there m ust be at least a five per 
cent, gain in m echanical efficiency th a t can be credited to this 
departure in lubrication, and they have certain ly  reached the
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highest recorded m echanical efficiency of the in ternal combus
tion engine, 91%, a figure th a t leaves a very small field for 
fu rth e r improvement.

The use of cams for operating the valves m ust have had a 
m ost beneficial result, both from the point of view of the 
m echanical efficiency as well as the indicator, and I have great 
pleasure in being allowed to congratu late both designers and 
users on th is extrem ely in teresting  exhibition of definite 
progress.

Mr. B. L. S i i x e y  : I  endorse the opinion of previous speakers, 
th a t  Mr. M uller has given us a very in teresting  paper. I t  is a 
g rea t surprise to me to know th a t there are so m any ships fitted 
w ith this type of engine. I  would like Mr. M uller to give us a 
few points of comparison between the Lentz engine and an 
engine of a sim ilar type, the Caprotti engine. I  agree w ith 
most of the advantages claimed, most of which are covered by 
the fact th a t there is no idle steam  in the engine. W ith  regard  
to the disadvantages, and in particu lar th a t of being unable to 
bleed steam  for feed heating  purposes, recent developments 
have shown th a t it is possible to get very high steam  tem pera
tures by m aking use of the funnel gases, and I  do no t th ink , 
therefore, th a t this can be considered as a disadvantage.

Mr. W . H a m il t o n  M a r t in  : I t  is indeed a pleasure to me to 
add a few words on Mr. M uller’s m ost in teresting  and instruc
tive report. The au thor has been known to me for m any years, 
although we have not met for a considerable tim e. The pro
gressive mind of the composer is adm irably reflected by his 
paper.

Seldom, if ever, has such an extensive com parative tria l been 
staged in m arine work or have so m any service results been so 
clearly rendered in a report on a new engine type. The author 
has been fortunate in having the co-operation of directors 
known for their foresight. The K .P .M . was one of the  earliest 
companies to equip their entire fleet with oil-burners. I  can 
recollect tria ls being carried out about th ir ty  years ago by Mr. 
M uller’s predecessor, Mr. M etselaar, in burn ing  asta tk i and 
residue fuels under boilers before adopting it in the vessels.

Mr. M uller very soon equipped his fleet w ith w aiertube 
boilers and changed over from oil to mechknical stoking when 
economical reasons indicated the advisability  of doing ;so, 
which has proved a correct step.

P robably  no m arine engineer has assisted more towards 
m aking m echanical stok ing  a success on board ship. A part
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from m echanical difficulties encountered in its  design for sea 
work and adapting  it  to the coals obtainable in  the  D utch 
Indies, he has successfully overcome the strong  prejudice ex ist
ing am ongst firemen against m echanical stok ing— facts well 
w orth  m entioning. W e have now heard  of his nex t step for
ward, the adoption of the Lentz engine. As to this Lentz 
engine perform ance of 11 lbs. steam  consum ption per I .H .P . /  
h r., i t  is certain ly  noth ing  exceptional tak ing  into account th a t  
superheating  was made use of, even allowing for the fact th a t 
the circu lating  w ater was hot.

In  the discussion on Mr. H utch inson’s paper on reciprocating 
engines before th is In s titu te , we were told th a t a sm all 
40 I .H .P . vertical double ac ting  IJniflow auxiliary  engine on 
tes t gave 10'6 kg . (23 lbs.) of steam  consum ption per I .H .P . /  
h r. when using sa tu ra ted  steam . This consum ption is a t least 
40 per cent, b e tte r than  th a t of the  ordinary  slide-valve type 
auxiliary  of sim ilar duty. If, then , a larger TJniflow engine 
of the la tte r  type were bu ilt w ith  piston valves, or some other 
more effective admission means, good results m ight be expected 
in steam  consumption, and probably the engine would also 
show good mechanical efficiency.

The largest Lentz engine has balance w eights fitted. 1 
would like to ask w hether v ibration  in vessels fitted w ith  Lentz 
engines has been found to be more m arked th an  in vessels fitted 
w ith the ordinary trip le compound type.

The sensitiveness of w ater-tube boilers to cylinder lub rica t
ing oil carried over w ith  the feed, as m entioned, is certain ly  a 
draw back, especially where the engines require somewhat more 
oil than  usual, due to the use of superheated steam . The p re
vention of excessive en try  of oil in emulsion w ith  the feedw ater 
m ust always demand the most careful a tten tion  of the staff. I f  
the au thor could give us some more inform ation on the improved 
oil separator, as now used, th is would be appreciated.

To have reduced the am ount of oil present to  five m illigram s 
per litre  is very good, bu t to keep it down to th is am ount m ust 
require close w atching and frequent cleaning of the oil separa
to r parts . H ow is the actual oil content p resent in  the feed 
checked, and is it  done a t regu lar intervals so th a t irreg u la r or 
sudden increases m ay be duly noticed ?

I t  is in te re stin g  to hear th a t the  poppet valves and th e ir gear 
have stood up so well, yet one feels more can be done w ith  the 
piston or balanced slide valve. The large difference of horse
power betw een H .P . and L .P . cylinders would seem to be a
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decided disadvantage, also the h igh  steam  velocities th rough  
the exhaust valves, both of which, however, cannot well be 
avoided w ith such engines.

For the particu lar service of the K .P .M ., who, I  take it, 
employ native staffs, these installa tions have obviously proved 
an excellent solution, and the au thor and his Company deserve 
g reat credit for their pioneer work in adopting this type of 
engine so extensively in conjunction w ith w ater-tube boilers 
and m echanical stoking. The paper will prove to be a valuable 
addition to our Transactions.

Mr. G. R . H u t c h i n s o n  : I  feel th a t I  am in the happy position 
of having practically  no th ing  to say, because I  th ink  the first 
speaker stole all our th u n d e r! There is quite a lot in w hat he 
said w ith regard to the somewhat disappointing perform ance 
figures of Mr. M uller’s Lentz engines. I  agree th a t the 
elim ination of the valve cages would m easurably improve ihe 
consumption fio’ures, bu t what Mr. M uller said is perhaps also 
correct—practical considerations are of more im portance than  
maxim um  economy. A definite saving would resu lt if a slightly  
larger interm ediate or “ overflow ”  valve were fitted, as it 
would reduce the w iredraw ing losses: this is clear from the 
indicator cards. A nother feature which would improve the per
formance would be the introduction of a uniflow L .P . cylinder. 
I cannot see how elim inating valve cages only would make a 
substan tial difference to steam  consumption.

Mr. M artin mentioned lubrication. Has Mr. M uller tried  
the device adopted by Mr. Y isker, nam ely, a w ater spray for 
cylinder lubrication? There is som ething to be said for this 
arrangem ent as I  know th a t Mr. V isker has obtained quite good 
results w ith it. A lthough the steam  tem perature was 700° F . 
in the Borneo’s engine, I  believe Mr. Y isker found th a t very 
little  cylinder lubrication was required  when the w ater je t 
system  was used. When one recalls th a t this was on a vessel 
using w ater-tube boilers it is a step in the rig h t direction.

I f  one increases the size of the valves in a Lentz or a sim ilar 
engine, as is necessary in the la rger sizes of engine, and a t the 
same tim e increases the steam  tem perature to 600/750° F ., how 
is one likely to  fare w ith regard  to valve distortion ? I  th iuk  
it will be a problem which must be tackled, for we must bear in 
mind the com petition of the balanced slide valve in the field of 
the high temperature marine steam engine of large size. Mr. 
W oolnougli has developed an arrangem ent of using separate 
balanced slide valves of the Andrews and M artin  type. These
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valves are quadruple-ported and tlie valve travel is extrem ely 
small. This seems to be an excellent line of development, and 
I  th ink  the advocates of the poppet valve will be on their m ettle 
if th a t system  becomes established.

I  have had the privilege of being at sea in some of the K .P .M . 
ships, and I  would like to  say how well the Lentz engine runs 
and manoeuvres. I  did not notice any v ibration , such as Mr. 
M artin  m entioned; the engines are very sm ooth-running. The 
use of m echanical stokers, w ater-tube boilers, and Lentz 
engines gives a com bination which is perhaps revolutionary to 
B ritish  cargo shipowners, and I  th in k  we should congratu late 
Mr. M uller on his courage in this pioneer work. H is paper 
shows once more th a t “  The proof of the  pudding is in  the 
e a tin g .”

Mr. J. W a r d , B.Sc. (Eng.) : The author states on page 342 
th a t the grooved valve spindles are of stainless steel ground into 
cast iron liners and fitted in the usual way w ithout any packing 
or stuffing box. In  the first place I  should be very pleased if 
he would give some particulars of the fo llow ing :

(a) The w orking clearance for the  valve spindles;
(b) the num ber of grooves; and
(c) the w idth and depth of the grooves.

W h a t is the exact purpose of the cone-shaped plate placed 
around the spindle as shown in fig. 4? Are the grooves turned  
in the spindle to assist lubrication  or for the purpose of p re
ven ting  the  leakage of steam  ? I f  for the la tte r, I  am inclined 
to doubt th e ir effectiveness since they  do not act as a labyrin th  
pack ing , particu larly  when there is a reciprocating  m otion of 
the spindle. The valve spindle of the high pressure (1422 lb. 
per sq. in. abs.) stop valve on the Benson turb ine is grooved, 
b u t the final sealing is by m etallic packing and there is a leak- 
off arranged from a pocket between the grooving and the 
m etallic packing. This tends to show th a t the designers had 
their doubts about the grooving acting  as a laby rin th . I  am 
inclined to th in k  th a t a plain spindle, w ith  the sm allest possible 
w orking clearance, fitted in a long bush is more effective in 
preventing  leakage than  a grooved spindle w ith the same clear
ance. I  base this opinion on the results of some recent experi
m ents of m ine on the leakage of oil through very sm all clear
ances betw een plain bushes fitted w ith  either plain or grooved 
spindles. These results have yet to be confirmed for the 
leakage of compressible fluids. To the old m arine engineers
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the idea of dispensing' w ith stuffing boxes m ust seem revolu
tionary . In  these days, however, we have superheated steam  
to contend w ith, bu t w ith  h igher class m achining, h igh  g rad e ' 
m aterials capable of resisting  wear such as*Perlit and stainless 
steel, and w ith lubrication on scientific principles, there is no 
reason why one should adhere to the old design of gland.

The statem ent of the au thor th a t owing to the arrangem ent 
of cranks the system  is not balanced either statically  or dyna
m ically somewhat surprises me, especially after reading Prof. 
D alby’s recent paper on the balancing of m arine engines.*

E ngr.-L ieu t. Comdr. A. J .  E l d e r t o n , S .R ., R .N . (by corre
spondence) : I t  is in teresting  to note th a t the double compound 
steam  engine, one of the la test methods of using steam  in a 
prim e mover, was also one of the earliest types of steam  engine.

Hornblower invented the  compound engine in 1781, and 
W oolfe, a Londoner, invented the double compound engine in 
1804, which functioned m uch in  the same way as the engine 
which is the subject of the au th o r’s paper. W oolfe m ight be 
ju stly  credited w ith having invented the Uniflow engine, 
although he did not m ake use of central exhaust.

The au thor m entioned the drawback to the w ater-tube boiler 
due to the entrance of oil w ith  the  feed w ater. My experience 
seems to show th a t trouble w ith a w ater-tube boiler is more 
likely to occur through scale form ation than  through oil deposit. 
In  1916 I  was serving in a battlesh ip  which had 18 w ater-tube 
boilers and three Scotch boilers. On one occasion it was neces
sary to do a num ber of days forced s team in g ; at the conclusion, 
when it was possible to  examine the boilers, it  was found tha t 
all the furnace crowns of the Scotch boilers had come down, 
whereas the w ater-tube boilers showed no signs of damage. 
The engines were reciprocating, partia lly  enclosed and forced- 
lubricated . The only conclusion th a t could be come to was 
th a t the dam age had been caused by oil deposit on the furnace 
crow ns; oil was found in the w ater-tube boilers, bu t no dam age 
had resulted.

The loss m entioned by the au thor, due to the resistance of 
the valves is in teresting . Two years ag’o Professor Stum pf of 
B erlin was w orking on a W oolfe double compound engine in 
which one double piston valve was used to control the steam

" The Possible Vibration of a Ship’s Hull under the Action of an Unbalanced Engine.” 
Proceedings of the Institu tion  of M echanical Engineers, Volume 4, 1928.



L E N T Z  S T A N D A R D  M A R IN E  E N G IN E . 38 1

between the H .P . and L .P . cylinders, and the L .P . cylinder 
was made Uniflow w ith central exhaust; no doubt the  au thor 
is aware of these experim ents.

I  am a little  surprised th a t the steam  consum ption of 11 lbs. 
per I .H .P ./h o u r  for the m ain engines only on service is so 
h igh  as compared w ith  the theoretical consum ption which is 
often nearly  approached in  land practice. R ecent figures given 
for the m achinery of the S.S. Boniface  using a Bauer-W ach 
exhaust steam  turb ine w orking under more or less sim ilar steam 
pressures and tem perature are—

Steam  consum ption, main engines ... 9‘89 I .H .P ./h o u r .
Steam  consum ption, m ain engines and

propelling auxiliaries ... ... 10'9 ,, ,,
Steam consum ption, all purposes ... 11'44 ,, ,,

In  fairness to the Lentz engine it should be m entioned th a t 
a vacuum  augm enter was used, and a vacuum  of 2 8 | ins. 
28f ins. carried, which I  th in k  would be difficult to m aintain  
in constant service. No doubt some of the loss is a ttrib u tab le  
to high cooling w ater tem perature, b u t I  th in k  the g rea ter loss 
is caused by the use of poppet valves. These valves, in order 
to lessen th e ir inertia effect, m ust be made lig h t, and conse
quently  are susceptible to distortion when used w ith  super
heated steam , leaky valves being one of the most usual causes 
of h igh  steam  consum ption. In  shore practice, piston valves 
have been found to be less subject to th is defect than  poppet 
valves. I t  would be useful to know if the au thor has experi
enced any trouble w ith the valve springs throtigh h igh  tem 
peratu re ; one sometimes hears th a t  superheated steam  had a 
bad effect on the springs of indicators.

I  should like to thank  the au thor for the pleasure his paper 
has given me, and I  th ink  it a nice com pliment he has paid our 
In s ti tu te  in preparing it and coming to London to read the 
paper.

The A u t h o r ’s R e p l y  : Mr. Kupka has overwhelmed me w ith 
such an am ount of m atter th a t I  do not th in k  I  should be able 
to answer all his questions before m id n ig h t! I  hope he will 
be satisfied when I  give only a few rem arks on his notes on 
behalf of Messrs. Salge, and more especially the principal ones. 
F irs t, I  know very well th a t not six, bu t seven sizes of Lentz 
engine have been designed, bu t I  have only said th a t u n til now 
only six sizes have been made. As regards the  valve cages, 
Mr. Kupka th inks th a t the  resistance of these is the principal
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reason why the steam  consumption is h igher than  th a t expected 
by Messrs. Salge. I  do not th ink  so, and the indicator dia
gram s I  have shown (F ig . 12) will support my contention. As 
regards the resistance of the valves, I  do no t th ink  the resist
ance of the orig inal valves is much less, as our valves have the 
same dimensions. Also if our diagram s do not show much 
difference from diagram s taken  by M essrs. Salge there cannot 
be m uch difference in friction w ith or w ithout valve cages. As 
fa r as renewable seats are concerned Messrs. Salge’s design 
w ith  cast iron rings fastened w ith set screws does not appeal 
very much to me. The only reason why I  have pu t valve cages 
in  the engine is not th a t I  am afraid of damage, bu t i f  any 
dam age is caused to the seats it is very difficult to get them  tig h t 
again and it should not be forgotten  th a t we have to be very 
careful in the F a r E ast. In  fact we have had one case, where 
by tak ing  out the valve cage w ith valve and p u ttin g  in a com
plete new set, we m anaged to get over the difficulty and run 
the engine again in a very short tim e. If  the design had been 
made as recommended by Messrs. Salge, w ithout valve cages, 
it would have been impossible to make a tig h t seat again . That 
is the principal reason why I  have inserted the valve cages.

As regards my rem arks on the dimensions of the valves, I 
was very interested to hear from Mr. Kupka th a t Messrs. Salge 
have found it advisable to increase the diam eters in certain 
cases. Personally I  do not object to increasing the valves; on 
the contrary , I  th in k  some of them  have to be increased, and 
Mr. K upka’s words prove w hat I  have said about the in te r
m ediate v a lv e : th a t it is too small. As regards the figures 
given by Mr. Kupka for a Lentz locomobile, I  can only answer 
th a t these figures are w onderfu l; I  have always heard th a t a 
locomobile can be a very efficient engine, but it is not to be 
compared w ith a m arine engine. The only point on which I 
m ay agree is th a t it will be possible to increase the 
steam  tem perature in m arine engines in  general, and at present 
there is a certain  tendency to do th a t, bu t it m ust be done 
gradually . I  know th a t Mr. Y isker and a few German 
engineers have increased the steam  tem perature considerably 
and have obtained b e tte r results and I  do not th ink  anyone will 
deny the advantage of a high steam  tem perature, bu t in our 
engines we have only been comparing our figures w ith those 
which have been expected by the designers. As I  have already 
said I  consider it  to be one of the advantages of the Lentz 
engine th a t it  will be possible to use h igher tem peratures w ith  
th is engine than w ith the ordinary slide valve engine.
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As regards the steam  velocities in  the  valves, Mr. K upka says 
these are quite n o rm a l; I  do not agree w ith  him  on th is point, 
because the average steam  velocities are norm al, bu t the real 
maxim um  velocities are not. Mr. Kupka states th a t the 
increase of the speed of our engines is due to the h igher steam  
consum ption. In  this respect I  need only refer to the diagram  
shown in F ig . 12, which is taken  from an engine runn ing  at 
100 r.p .rn ., which is the average speed of several Lentz standard 
engines, and I  do not th in k  there is any th ing  to be said against 
the form of this diagram .

As regards the im provem ent in the K lug gear by displace
m ent of the angle of the keyw ay of the eccentric, I  consider 
th is solution to be very simple and I  th ink  it  w ill give also a 
s lig h t im provem ent as regards the form of the diagram s. Mr. 
Kupka asks w hether we have altered the cam s; we have done 
so, bu t not w ith the idea of equalising the horse-power between 
top and bo ttom ; we have only altered  the slope of the cams, 
m aking it  a little  greater, so th a t the valve is lifted  more 
quickly. This has no thing to do w ith  the equalising of the 
horse-power, bu t it  has improved the diagram s. As regards 
the steam  consum ption I  w ant to point out th a t the figures I  
have given have all been m easured very carefully  by a specially 
tra ined  staff of engineers who have been dealing w ith  this kind 
of work for years, whereas m any figures given by Messrs. Salge 
have been based on coal consum ption, bu t to my opinion it  is 
a  ra ther dangerous procedure to calculate steam  consum ption 
from a coal consum ption tria l. I have taken perhaps 20 to 30 
records w ith  our Lentz engines and w hat I  have given is to be 
regarded as being the average. Mr. Kupka infers th a t I  am 
disappointed as regards the steam  consum ption, bu t this is not 
rig h t, I  am not a t all d isappoin ted ; as a m atte r of fac t I  have 
never wholly relied on the figures given by the designers and 
if I  had, our boilers would have been too sm a ll!

As regards the possibility of increasing the valve diam eters 
w ithout increasing the clearance volumes, I  can only congratu 
late  M essrs. Salge on this step, and I  shall not hesita te  to adopt 
th is im provem ent. W ith  regard  to the m echanical efficiency of 
slide valve engines, I  cannot give any positive figures as I  have 
no data so far. The only figure m entioned by me, nam ely, 
84-86% efficiency for an ordinary slide valve engine, is perhaps 
on the low side. As far as the w eight of the Lentz standard  
engine is concerned, I  am sorry to say th a t, in  fact, there has 
been no firm in H olland, m aking the engines, which has not 
been disappointed because the w eight and therefore also the
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cost of the engines have been more than was expected accord
ing to the figures given by Messrs. Salge.

I now w ant to tliank Mr. Kupka for his closing rem arks, and 
I  hope th a t Messrs. Salge will be able to improve their engine 
still more and to enjoy the satisfaction of their fru itfu l work, 
as they deserve to do.

Mr. Evans referred to the Diesel engine and he may have 
seen from my paper th a t I  have adopted m any features from the 
Diesel engine, such as the forced lubrication and the piston 
rings. I  am somewhat a Diesel engineer myself, and I  have 
copied the Diesel engine as much as possible. I  certainly 
believe th a t the advantageous features of the Diesel engine will 
help in im proving the Lentz engine. In  reply to Mr. E vans’ 
question w hether we have used high chromium steels for the 
valve heads instead of cast iron, I m ay reply th a t we have not, 
because the valves for Lentz engines are of the double beat type, 
different from Diesel engine valves. As far as I  know Messrs. 
Salge have tried  mild steel in one or two cases, bu t we have 
only used cast iron and P erlit, and we have never found anv 
difficulty w ith our valves; however, I do prefer P erlit. As I 
have said I  cannot yet give figures on the m echanical efficiency 
of the ordinary reciprocating engine, bu t I  hope to be able to 
do so la te r on.

M r. Silley has asked for a comparison of the Lentz engine 
w ith other types of engines. I  have indeed investigated the 
ordinary type of slide valve engine some tim e ago, bu t 
not the C aprotti engine, hence I cannot give com parative 
figures. As regards the bleeding system  not being very well 
possible, I  know th a t Messrs. Salge are carrying out tria ls io 
bleed steam  from the H .P . cylinder by means of a special 
apparatus. I  have tried  to bleed steam  for the hea ter from the 
indicator pipe; it  resulted  in an increase of tem perature, but 
not much. As regards the heating  of feed w ater by funnel 
gases, this is a problem  by itself on board ships, and one which 
I  consider to be very difficult to tackle, if we only th ink  of the 
difficulties encountered in land practice w ith economisers.

I  would like to thank  Mr. H am ilton M artin for his kind 
rem arks. H is figure of 10'6 kg . steam  consumption for a small 
TJniflow engine is certain ly  very good; I  have found sligh tly  
h igher figures for our small single cylinder high-speed TTniflow 
engines driving generators on board our ships. As regards the 
vibrations from a Lentz engine we have not found these to be 
more serious than the vibration caused by ordinary steam



L E N T Z  S T A N D A R D  M A R IN E  E N G IN E . 3 8 5

reciprocating engines, and I  am glad th a t M r. H utchinson has 
confirmed this statem ent. The feed w ater oil separator which 
we now use in connection w ith our w ater-tube boilers is a 
separator of very simple construction, designed by Professor 
Dyxhoorn of D elft, and consisting of a num ber of oil-traps as 
m ay be seen from the draw ing (F ig . A .) appended to this dis
cussion, its  principal feature being th a t it does not work on the 
cascade principle, b u t th a t it works w ith  a low velocity of the 
passing feed w ater, keeping back the free oil in the traps.

In  reply to Mr. H utchinson, it may be possible th a t the 
higher steam  consum ption is due to a certain  ex ten t to the valve 
cages, bu t not m u ch ; more to the small dimensions of the in te r
m ediate valves. I  m ust adm it th a t the Uniflow engine, theo
retically , is be tte r than  any other type, because the L .P . 
cylinder of the Uniflow engine works under the best possible 
conditions. W hether the Uniflow principle can be used w ith 
the Lentz engine is a question which I  should not like to answer 
yet, because there are several points to be considered when the 
“ W oolfe ” principle is to be used in com bination w ith the “ U ni
flow” principle, but if we could arrange to a lter the dimensions 
of the cylinders, it m ight be possible to use the Uniflow principle 
as well. As regards the suggestion of the w ater je t for lub ri
cation purposes, I  may say th a t I  know of Mr. Y isker’s system  
and I  can readily answ er Mr. H utchinson by saying th a t this 
system  cannot be adopted for our engines as it requires a tu rbine 
feed pump, in order to obtain a constant w ater je t in the steam 
flow, whereas we have reciprocating feed pumps.

As regards valve distortion, I  have no experience of th is, bu t 
I  know of cases where o ther P erlit castings have distorted 
ra th e r considerably. W hen increasing the steam  pressure and 
tem perature and m aking the engines la rger we shall however 
have to change over from ordinary cast iron to another m aterial, 
such as P e r l i t ; b u t perhaps we have not found the rig h t m aterial 
yet.

Mr. H utchinson makes a comparison betw een the manoeuvr
ing capabilities of the Lentz engine and the ordinary  Diesel 
engine. I  th in k  the Lentz engine is fa r superior in  th is respect.
I  have never seen a medium-sized Diesel engine which could be 
reversed w ithin six seconds, w ith the exception of the sm aller 
type of solid injection Diesel engines.

Mr. W ard  has asked for particu lars as regards the breadth  
and depth of the grooves in the valve spindles. To answer this 
question I  may here refer to  F ig . B appended to  this discussion.
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L ubrication is provided for the h.p. valve spindles only. I f  we 
refer to F ig . 4, which shows the com pensator and the lower 
p art of the  valve spindle, it  may be seen th a t there is no packing 
a t all. W e have used packing in the first Lentz engines, bu t

we have found th a t the valve spindles were ap t to seize up in 
the packing so th a t the valves did not move a t all. A fter doing 
away w ith  the packing we have experienced no more difficulties 
in this respect. Also the steam  pressure is not so high as to 
necessitate the use of packing.
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Mr. W ard  has also asked details about the balancing of the 
engines, and as I  have already stated , we have had no difficul
ties due to vibrations of the engines. On the contrary  we have 
always found them  to v ibrate  less than  the ordinary slide valve 
engines.

E ng .-L ieu t. Comdr. A. J . E lderton refers to W oolfe’s inven
tion  of th is type of compound engine as I  have also rem arked 
in  my paper. I  was in terested  to learn  from his rem arks th a t 
trouble w ith feed w ater, in  connection w ith w ater-tube boilers, 
has occurred through scale form ation and not th rough  oil 
deposit, whereas our experience shows the contrary, b u t in Mr. 
E ld erto n ’s case the Scotch boilers showed the damage caused 
by scale form ation and not the w ater-tube boilers. I  am also 
inclined to believe th a t perhaps the h igher ra te  of evaporation 
used in boilers for naval purposes as compared w ith boilers for 
the m ercantile m arine is due to the fact th a t no oil deposit is 
experienced w ith the form er kind of boilers. Also the w ater 
circulation in a Scotch boiler is quite different from the circu
lation  in w ater-tube boilers, and for this reason there m ust also 
be a difference in perform ance between the two systems. As 
regards the engine designed by Prof. S trum pf, which is known 
to me, I  can only say th a t in my opinion piston valves have 
been adopted for th is special type of engine only for the pur
pose of simplification, Prof. S trum pf using one valve gear for 
the  steam  d istribution of two cylinders (one H .P . and one 
L .P .) .  B ut i t  m ust be remem bered th a t th is simple solution 
has also drawbacks, as regards leakage of steam  and also the 
slow movement of the piston valves moved by eccentrics, as 
compared w ith poppet valves moved by cams.

In  conclusion, I  m ay answer Mr. E lderton’s rem arks on the 
steam  consumption figures by saying th a t I  cannot accept his 
views on valve distortion being the cause of steam  losses w ith 
poppet valves, as w ith land engines the poppet valves have 
proved to be far superior to slide valves for some tim e past. As 
regards the effect of the tem perature of the steam  on the valve 
springs I  can readily say th a t I  have never experienced any 
trouble, the valve springs being placed outside the valve chests 
in open cages, which are kep t relatively cool.

The C h a i r m a n  : You will no doubt share my opinion th a t th is 
paper will be an outstanding  acquisiiion to our Transactions, 
and Mr. M uller m ay be assured th a t it wrill be gra tefully  appre
ciated by our widely scattered  members when it is subsequently 
issued in the Journal. In  concluding this m eeting I  have much
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pleasure in proposing th a t we accord to Mr. M uller a very 
hearty  vote of thanks for his in teresting  and valuable paper, 
and the most enjoyable evening he has afforded us; I  am sure 
th a t your reception of my proposal is a foregone conclusion.

The vote of thanks was carricd with applause, and a vote of 
thanks to the Chairman was also carried unanimously on the pro
posal of Mr. A. Cross.

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

Notes.
*Erom the “  M echanical W orld and E ngineering  Record ” 

of Jan u a ry  18th, ab rid g e d :—
E l e c t r ic  B r a k e s  f o r  I n d u s t r i a l  S e r v ic e  d e s c r ib e d .

E or d irect-current service, brakes are bu ilt from 1 to 300 
h .p ., and are m agnet-operated. They are of simple design and 
rugged cast-steel construction. E ig . 1 is a sectional diagram  
of a d.c. brake of the M type by the Ig ran ic  E lectrical Com
pany L im ited. This brake is applied w ith a quick steady

Fig. 1.—Type M Brake for D.C. Service.

pressure w hich brings the motor to rest in the shortest possible 
time consistent w ith safety by means of a spring, which, situ 
ated in the centre of the coil, and elim inating  all toggles, bell- 
cranks, and levers, tends to force the m agnet and arm ature 
apart. The force exerted acts directly  in line w ith the centre 
of the brake-shoes, so th a t when the brake operates, the wear

* The Editor is a M ember of the Institute.
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on the linkwork is reduced to a m inim um , and the re ta rd ing  
torque on the brake-wheel is the same in both directions of 
rotation.

A nother feature which tends to minim ise wear is th a t the 
arm ature and m agnet are both movable, and rotate on the same 
centres. This construction, together w ith the short m agnet 
stroke, reduces the angular movement on all bearings to less 
th an  1°, and elim inates side friction. The very sm all air-gap 
on which the m agnet works increases the efficiency, and the 
projection on the outer pole shoe tends to produce silent 
operation.

A djustm ent for the braking in tensity  is obtained by vary ing  
the compression on the spring in  the centre of the field. Special 
wrenches are unnecessary for either this or the brake-lin ing 
adjustm ent. There is no necessity to disturb the alignm ent 
between motor and brake for inspection, as almost the only 
point needing observation is the wear on the brake lin ings, 
which can be compensated for by means of nuts on the tension 
rod above the brake-wheel. Moreover, if it becomes necessary 
to take out and replace the brake-shoes the removal of one 
pin  for each shoe is sufficient, and the d ism antling needed to 
perm it the removal of the m otor arm ature is of sim ilar sim
plicity . The w ithdraw al of one pin a t the end of the rod to 
be tu rned  back, and the hinged brake shoe-arm swung out of 
the way, perm it the m otor arm ature to be easily removed.

Series-wound brakes are constructed for either half-hour or 
one-hour duty. They will release w ith 40% of full-load m otor 
current when set for the rated  torque, and will rem ain released 
w ith 10% of full-load motor current. W hen operated a t rated 
du ty  the tem perature rise of th e ir w inding does not exceed a 
safe value. Continuous duty  series-wound brakes can also be 
constructed. They require 80% of full-load motor curren t to 
release, and have the same torque and tem perature rise of the 
w inding as the continuous-duty shunt-brakes.

Shunt-wound brakes are designed for either in term itten t or 
continuous duty. They will release w ith 80% of norm al 
voltage when set for the rated  torque. In te rm itten t duty  is 
defined here as curren t on for one m inute, and off for one 
m inute, or its equivalent. However, the  longest application of 
voltage should not exceed h a lf an hour. W hen operated 
under these conditions the tem perature rise of the in te rm itten t- 
du ty  w indings does not exceed a safe value. To reduce the
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inductance and make the action “  snappy ” shunt w indings 
are wound for about half-line voltage, and are fitted w ith a 
reducing resistance.

The use of disc-hrakes for d irect-curren t service is con
fined prim arily  to those installa tions where the conditions de
m and a fu lly  enclosed structure. Occasionally disc-brakes are 
specified for o ther reasons, special m ounting arrangem ents, 
very lim ited space available, and o th e rs ; bu t for the m ajority  
of installa tions, brakes of the shoe type will show g reater 
capacity  and handle more work at a lower m aintenance cost 
than  w ill disc-brakes.

The working parts of the disc-brakes (see E ig . 2), w eather
proof operating m agnet, heavy steel compression spring, and 
stationary  and ro ta ting  brakes, are all assembled com pactly 
in an enclosed case. The stationary  discs are faced w ith & 
m etallic asbestos brake lin ing , and are keyed to the hub, which

A, compression spring ; B, spring gland; C. magnet case; D, m agnet coil; F , hub ; G, 
end stationary d isc; H, rotating g if t ; J , interm ediate stationary disc ; K, friction lining ;

L , fram e key; M, fram e; N, adjusting n u t; O, sounding p in ; P, lock.
Fig. 2.—Disc Brake.

is itself keyed to the m ain motor shaft. N orm ally the spring 
pushes the m agnet arm ature away from the field, and forces 
the  two sets of discs into fric tional engagem ent. The pressure 
exerted by th is  spring can be varied to suit the load conditions. 
The brake is released by energising the m agnet, the spring
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being compressed, and the pressure between the discs relieved. 
The ro ta ting  discs are then  free to tu rn  w ith the motor arm 
a tu re .

The in tensity  of the braking force is regulated by varying 
the compression on the heavy spring placed in the centre of 
the field. Eor this purpose suitable ad justing  nuts are pro
vided at the back of the m agnet case. Lock-nuts prevent any 
change in th is adjustm ent. A large n u t on the motor end of 
the brake is provided to ad just for wear on the brake linings. 
The am ount of wear on the lin ings can be checked at any tim e 
by means of a sounding pin which projects through the m agnet 
case. A lock prevents the nu t from tu rn in g  after the ad just
m ent has been made.

Disc-brakes are series-wound for either half-hour or one- 
hour duty. They will release at 40% of full-load motor current 
when set for the rated torque, and will rem ain released at 10% 
of the full-load motor current. W hen operated at ra ted  duty 
the  tem perature rise of the w indings does not exceed 75° C. 
These brakes are also shunt-wound for either in te rm itten t or 
continuous du tjr.

F or alternating-curren t a reversible shoe-brake, operated by 
a  special squirrel-cage type polyphase torque motor, is used. 
This type was designed to act smoothly, quietly , and positively, 
and has found wide use on lifts  and hoists. They are usually 
recommended for service wherever re liab ility  is essential, or 
where a solenoid-operated a.c. brake is too noisy or unsatis
factory.

The construction of the a.c. or RS brake is very simple. A 
sm all pinion on the torque motor engages w ith a toothed sector, 
which is linked to the arms carry ing  the brake-shoes. W hen 
the torque m otor is connected to the line the m otor revolves 
un til the brake is released. I t  then stalls and m aintains the 
brake in  the released position u n til the power is disconnected. 
F o r each cycle of operation the m otor turns approxim ately two 
revolutions. The brake is applied by means of a heavy spring, 
the tension of which can be varied to suit load conditions. F ig . 
3 shows a section of the R S brake.

These brakes will release when set for fu ll-ra ted  torque, with 
80% of norm al voltage impressed at the term inals of the 
torque motor. The torque motors used on in term itten t-du ty  
brakes are designed for one-half tim e duty, whereas those used
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011 continuous-duty brakes will rem ain across the line con
tinuously w ithout overheating at the rated  voltage.

W hen these brakes are used on reversing service it  m ust be 
remembered th a t the torque motor should be connected to the 
line between the main switch and the reverse switch on the

m ain m otor controller. I f  the controller does not have con
tacts for hand ling  the brake a double-pole solenoid switch may 
be used as a relay to handle the torque m otor circuit.

The types BQ and BT a.c. brake m agnets are suitable for 
operating  m echanical brakes on cranes, hoists, capstans, and 
winches, and for o ther purposes where it is desired electrically  
to exert a definite pull through a lim ited  resistance. The m ag
nets are arranged so th a t when the curren t is switched on, the 
solenoid action causes the p lunger to l if t  a w eighted lever, 
which relieves the brake-wheel of pressure. As soon as the 
curren t is switched off the p lunger drops and allows the  w eight 
on tlie lever im m ediately to tigh ten  up the brake. An a ir 
dashpot is provided to m inim ise the shock and ensure a steady
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action of the brake. The magnets are arranged for pu lling  
action only. They have protected fram es which are rainproof, 
and are suitable for working in the open, but are not w ater
tigh t, and must not be installed in positions liable to sub
mersion.

Ironclad  solenoids are designed for use wherever straigh t- 
line motion m ust be produced electrically, and are used for 
operating  brakes, clutches, and sim ilar devices. The solenoid 
consists of a bobbin-wound coil enclosed in a cylindrical cast- 
iron pot w ith a tigh t-fitting  cover over its open end. A heavy 
brass tube, which serves as a guide for the plunger, passes 
through the coil bobbin, w ith a tig h t fit in  both cover and case. 
Inserted  in one end of this tube is a loosely fitting plug, which 
is faced w ith a 1 / 16th inch brass washer, and is provided with

Fig. 4.—Typical Rubber M ill Drive with M agnetic C lutch Brake.

a shoulder to lim it its entrance. A cast-iron cap is fitted over 
the plug in such a way th a t it prevents it from leaving the 
tube, but allows it considerable end motion. The steel plunger 
has a loose sliding fit in the tube, and engages the plug at the 
end of its working stroke.

The use of a floating plug elim inates the ham m er blow and 
the accom panying shock and noise which are characteristic of 
solenoids having rig id  stops.

M agnetic clutches are often used in conjunction w ith m ag
netically  released band-brakes. In  th is construction the hub 
carry ing  the arm ature member of the clutch also carries the



N O TES. 395

brake-wheel, which is encircled by a band lined w ith a fric tion  
m aterial consisting of woven asbestos and brass wire. The 
friction band is designed to be released by means of a solenoid 
connected in  parallel w ith the w inding of the clutch, and to 
be applied by means of a w eight on the end of the brake lever. 
W hen the m agnetising w inding of the clutch is de-energised 
by the tr ip p in g  of one of the safety switches, th a t of the brake 
solenoid is also de-energised and the brake thus applied. The 
driv ing power is thus cut off, and the brake applied instan tane
ously, so th a t the equipm ent is brought to rest in a period of 
tim e which will prevent in ju ry  to workmen.

This type of brake has found special application in the 
rubber industry, where the m agnetic clutch is very popular, 
and in this connection the figures of the following tests carried 
out in a well-known rubber m ill in th is country m ay be of 
interest. Three rubber m ills (20in. x 22in. x 60in.) were driven 
from a lineshaft by a 200 h .p . 590 r.p .m . m otor geared to it. 
The speed of the lineshaft was 100 r.p .m ., th a t of the drive 
rolls 21 r .p .m ., and th a t of the front rolls 13-23 r.p .m ., g iving 
a fric tion ratio  of 1-45 : 1. W ith  the m otor runn ing  at full 
speed and all the mills w ithout load, the equipm ent was shut 
down by disengaging the m agnetic clutch between the driv ing 
m otor and its pinion, and sim ultaneously apply ing  the brake 
on to the driven side of the clutch. The chronograph used in 
dicated th a t the movement of the drive-roll periphery , sub
sequent to the operation of the cut-off device, coiild be made 
as sm all as 4 in. This is a sufficiently quick stop for safety, as 
i t  does not cause shock to the machine.

On cranes an efficient method of controlling the lowering 
speed is by dynam ic or electric braking. This can be done 
when the mechanism perm its the load to drive the m otor when 
low ering, thus causing the motor to generate and serve as a 
variable braking device.

I t  will be seen from the simplified diagram  of connections 
F ig . 5 th a t the resistance, series-brake solenoid, and series field 
are connected in  series across the line w hilst lowering, and 
th a t the arm ature, w ith a breaking resistance in  series w ith it, 
is connected in parallel with a portion of th is circuit. A move
m ent of the controller cylinder from the off position increases 
both  the voltage across the arm ature and the speed of the 
motor.

U nder ordinary  working conditions when lowering, the load 
<on the hook will determ ine w hether power is to be applied to
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‘ drive a lig h t hook downwards or dynam ic braking is to be ap
plied to check the speed of a heavy load. In  the la tte r case the 
motor would generate and send current round a closed circuit, 
as shown in the diagram , thereby unloading the motor and 
producing a braking effect.

The heavier the load the greater the e.m .f. and field strength  
will be. This produces a braking action which rap id ly  in 
creases w ith the speed, u n til the torque exerted by the load 
and th e  braking effect of the m otor are counterbalanced.

Electric Brakes.—Pig. 5.—Connections for Dynamic Braking Controller (B.T.H. Company).

The dynam ic braking type of controller gives complete con
trol of the load when lowering, as well as when hoisting. I f  
the supply current should fail when lowering a load heavy 
enough to overcome the crane mechanism, the load can still be 
lowered under perfect control, as the m otor acts as a self-ex- 
cited series generator. This is, of course, a valuable feature 
of electric brak ing  control.

F u rth er, a W eston type of brake is not required w ith these 
controllers. I f  a mechanical brake exists it should be p u t out
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of action, as this type of brake cannot be used w ith this 
control. A reference to the connections a t the off-position will 
show th a t in  moving from the first point lowering to the off- 
position, a closed circuit is still retained for the arm ature and 
field, external to the series solenoid brake, so th a t the motor 
is still acting  as a brake for re ta rd ing  the load. This saves 
wear on the solenoid brake, which is used only for finally 
b ring ing  the load to rest.

Controllers of th is type are suitable for use w ith  series- 
wound brake solenoids, the la tte r  being designed to lif t  a t 40% 
of full-load curren t. All cases in which it is desired to use 
shunt solenoids w ith dynam ic b raking  controllers should be 
studied very carefully  in collaboration with the controller 
m anufacturers.

I f  the horse-power transm itted  exceeds the horse-power ra t
ing of the brake chosen by the above method, the brake must 
be selected 011 a horse-power basis instead of 011 torque. Brakes 
selected in accordance with the above procedure will be found 
satisfactory for all norm al conditions, though severe service 
will sometimes demand a larger brake. In all cases it is as 
well to place complete particulars of the contem plated in sta lla
tion before the brake m anufacturers, and leave the m atter 
to them  as far as the submission of proposals is concerned.

*C o a l - D u s t  F i r i n g .— A t a m eeting of the In s titu te  of Fuel, 
held in  London on Jan u a ry  16th, D r. 11. Lessing in the chair, 
Messrs. Berg and E rich  Vogt, of Cologne, read a paper entitled 
“  Coal-Dust F ir in g  fo r Boilers and In d u stria l F u rnaces.”  
which was illustra ted  by num erous lan tern  slides. The 
authors, in the course of th e ir rem arks, pointed out th a t coal- 
dust firing  had been introduced on the C ontinent during  the 
past six years w ith such great success th a t  its use in  m any 
cases could no longer be left out of consideration when in sta ll
ing  new or m odernising old p lan t. The saving in  fuel which 
coal-dust firing brought w ith i t  was so g reat th a t  motives of 
economy offered the  strongest recom m endation for it  use. In  
various types of firing practised h itherto , such as, for instance, 
g ra te  or semi-gas firing, or in  the case of gas producers, i t  was 
still necessary to use expensive fuels such as n u t or lum p coal. 
As, however, in the case of coal-dust firing, the coal had to be
* Members wbo are interested in this subject can obtain a copy of the paper from the Institu te  
of Fuel or a  full report from the  “ Iron and Coal Trades Review.’’
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pulverised before being used, it followed th a t coals which were 
cheaper to obtain, such as slack or pea coal, could be used 
w ith advantage. This slack or pea coal, which to-day did not 
find a sufficiently ready m arket, could, w ith the help of coal- 
dust firing, be used effectively for the home industries, leaving 
the valuable n u t and lum p coal free to be exported. N aturally  
it is necessary to ascertain carefully in each case whether coal- 
dust firing was the correct method for the purpose under con
sideration. Coal-dust firing, however, had been adopted with 
g reat success for re-heating furnaces, through furnaces, con
tinuous furnaces, and for boilers of all types.

The authors then proceeded to throw  on the screen illu s tra 
tions of typical examples of coal-dust-firing- equipm ent, includ
ing p lant for drying and p u lv eris in g ; they also showed several 
types for furnaces for use in boiler firing and in industrial 
w orks.

Discussion .— The C hairm an said one point he would like to 
stress was th a t, in Germ any particu larly , as m entioned by the 
au thors, a great deal of coal dust, m ainly in  the brown-coal 
d istric ts, was carried to the works in  a condition ready for the 
burner, having already been prepared at the colliery. A be
g in n in g  had been made in th is country in  collecting dust from 
coal-cleaning plants, and transporting  it in  dust wagons. He 
pointed out again, as he had already done in  a paper read 
before the In stitu te , th a t there was available in this country 
a quan tity  of from 20 to 25 m illion tons per annum  of na tu ra l 
coal dust, which did not require to be ground any fu rther, 
and would be ready, if conveyances could be found for it, for 
the burner direct. T hat was a point of very great im portance, 
when it was considered th a t to-day, in  the whole question of 
coal-dust firing, the m illing  of the coal, the g rind ing  of it, 
the m aintenance and replacem ent of m ills, represented the 
most serious p art of the problem. I f  th a t problem could be 
solved, the burn ing  of the coal dust was a com paratively simple 
m atter, and the advantages to be derived from it could readily  
be realised.

P r o p e r t ie s  o f  E n g i n e e r i n g  M a t e r i a l s .— A n  in t e r e s t in g  
p a p e r  o n  “  T h e  R e la t io n s  b e tw e e n  t h e  P r o p e r t ie s  o f  E n g in e e r 
i n g  M a t e r ia ls  a n d  t h e i r  U l t i m a t e  S tr u c tu r e s  ”  w a s  r e a d  b v  M r .
G . W .  T o d d  b e fo r e  t h e  N o r t h - E a s t  C o a st  I n s t i t u t i o n  o f  E n g i 
n e e r s  a n d  S h ip b u ild e r s  a t  N e w c a s t le  l a s t  w e e k . I n  t h e  f ir s t  
p a r t  h e  r e v ie w e d  t h e  a t o m is t i c  d o c tr in e  o f  m a t t e r ,  w i t h  r e fe r e n c e
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to the kinetic theory of gases and equations of state. He 
pointed out th a t m utual interactions of the Van der W aal type 
between the u ltim ate particles of a gas were to tally  inadequate 
to explain the fields of force in  the neighbourhood of the con
stitu en t particles of a solid. By considering the atoms to be 
arranged  on a space lattice it was possible to produce an equa
tion of state for a solid. The introduction of the quantum  
theory, he went on, led to expressions from w hich the specific 
heat of a solid could be obtained in term s of its absolute tem 
peratu re  and the characteristic frequencies of v ibration of its 
atoms. M etals, which were the most im portan t structu ra l 
m ateria l of the engineer, were too often regarded as isotropic. 
The fact th a t they  consisted of m inute crystals w ith random  
orientations was all-im portan t in connection w ith th e ir elastic 
properties. Mr. Todd then considered the evidence of X -ray 
analysis, and gave some account of the electrical theory of a 
crysta l la ttice. He described experim ents in which elastic and 
plastic deform ations of a single crystal were “  watched ”  by 
X -rays, and concluded his paper w ith some observations on 
alloys.

The R epresentative Committee interested in the Shipping, 
E ngineering  and M achinery E xhib ition  to be held a t Olympia, 
Septem ber 12th to 28th, met on Ju n e  18tli, when M r. Bridges, 
the organiser, reported th a t the num ber and quality  of the 
exhib its booked for places were such th a t the success of the 
E xhib ition  was assured. Notices and invitations had been 
forwarded to the oversea Dominions and Colonies of the B ritish  
Em pire so th a t the in terest m ight be wide spread and bring  
forth  a fru itfu l issue.

The opening Ceremony, it  was hoped, would be perform ed 
by H is Grace the Duke of N orthum berland, who had accepted 
the office of P resident.

Several suggestions were made by members of the Committee 
and considered. I t  was deemed desirable to encourage exhibits 
from the E ish ing  Ind u stry , Coasting Vessels, R iver Steamers, 
L igh t Ships, Tugs and Dredgers, in  order to embrace as wide 
an area of the shipping com m unity as possible. I t  was hoped 
th a t  the shipping companies would be invited to show models 
and illustra tions of th e ir  various types of vessels. I t  would be 
a good asset from an h istorical point of view to obtain a loan 
collection of draw ings, pictures and models of vessels and 
engines dating  back to the Comet or the earlier days. This
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would be a desirable addition for m any visitors, interested 
specially in artistic  and inventive g en iu s; i t  would also be of 
special interest to juniors. The educational aspect of these 
exhibitions has always been kept in the foreground, and the 
rising generation of shipw rights and engineers have always 
been encouraged to visit the exhibition to gain the advantages 
of exam ining details and tak ing  notes w ith a view to w riting  
essays, or com m itting their thoughts to paper for fu rth e r de
velopment w'ith la ter experience. The S ir Arch. Denny Award 
was founded on these lines of thought.

Members who are specially interested in the m echanical and 
transmission losses in m arine engines, shafting  and propellers 
are referred to the “  Jou rna l of Commerce and Shipping Tele
graph ”  Supplements of Ju n e  5th and 13th, which contain 
P arts  1 and 2 of a paper by J .  H am ilton Gibson, read at the 
N orth E ast Coast In stitu tion  of Engineers and Shipbuilders. 
The subject is not only of interest to all concerned in the effi
cient and best output of power from start to finish, b u t is laden 
w ith controversial elements which ought to be fu lly  thrashed 
out to a standard. There are m any debatable points such as 
the composition of cylinder liners, pistons, shafting , bearings, 
propellers, rudders, also lubrication.

In  the same Jo u rn a l there is a series of articles by A. C. 
H ardy  on ” The M otor Ship W eek by W eek,”  and the move
ments in different parts of the world of the vessels w ith  in 
ternal combustion engines ; in June 6th the Coast Line of South 
America and B razil are dealt w ith, and in Ju n e  13th the com
parison is made between the turbo-electric liner and the motor 
ship.

The following descriptive notes referring  to the reconstruc
tion of the Blue S tar L iner and to build ing  of the W haling  
F actory  Ship are of interest, and the la tte r  m ay be of value 
for fu rth e r inform ation by members who made enquires on the 
subject of W haling  Factories, and where situated, some time 
ago: —

“ A rem arkable vessel, the first of her kind ever bu ilt, and 
which is expected to revolutionise the w haling industry , was 
launched last week by Messrs. W orkm an, Clark (1928) L td ., 
B elfast. She is the Kosmos, bu ilt fo r the Kosmos W haling 
Company, and will be used as a whale oil factory and oil 
tanker.
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“  The nam ing ceremony was perform ed by Mrs. Chris
tensen, the wife of M r. C. E . Christensen, the designer and 
naval architect for the vessel in  conjunction w ith the firm of 
Messrs. Arnesen, Christensen and Sm ith, of Newcastle-on- 
Tyne. The launching  party  consisted of Mrs. Christensen, 
Miss Boe, Mr. Anders Jah re  (m anaging director of the Com
pany), Mr. H arlofsen der L ippe, together w ith officials of the 
W haling  Company, and a num ber of the bu ilders’ officials and 
guests.

‘‘ The Kosmos is a  vessel of about 32,000 tons displacement 
and 550ft. in length , and is constructed on the longitudinal 
system to the highest requirem ents of Lloyds R egister and the 
Norwegian sea control regulations. The w haling factory itself 
is situated  in  the upper ’tween decks which are over 15 feet 
deep, and is equipped w ith the latest p lan t for dealing eco
nom ically w ith the m axim um  catch of whales. The weather 
deck above the factory has been arranged  clear of obstructions 
to facilita te  the hand ling  of the whales and the cu tting  up. 
The vessel is fitted with numerous powerful winches capable 
of hand ling  loads up to 40 tons, in conjunction w ith special 
derricks.

“ The propelling m achinery has been bu ilt by W orkm an, 
Clark (1928) L td ., and consists of quadruple expansion engines 
taking steam  from five cylindrical oil-fired m ultitubu lar 
boilers working a t 250 lbs. pressure under forced draugh t, and 
w ith superheated steam. In  the engine-room there are a 
num ber of new features designed to cope w ith the special trade 
on which the vessel will be employed in the A ntarctic seas.

“  Accommodation is provided for over 300 w ith special faci
lities for storage and cooking provisions necessary for the long 
voyage and service, and in this connection reference m ight be 
made to the enormous fresh water d istilling  p lan t.

“  The vessel is the first of her kind specially b u ilt as a 
w haling fac to ry .”

The reconstruction of the Arandora S tar  from a m eat carrier 
to a luxurious passenger steam er was carried out by the F a ir 
field Shipbuild ing  and E ngineering Co. at a cost of £‘200,000, 
and according to the description the  passenger cruiser is a 
creditable vessel.

The address by Lord K ylsant at the A nnual M eeting of the 
Koyal M ail S .P . Co., is w orthy of study— see also in June 
13th.
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In  ‘ The E lectrical Review ”  of May 3rd, the electric 
auxiliaries of the R a n g itik i are described and illu s tra te d ; these 
were referred to in our June issue. The illustrated  artic le on 
E lectric Brakes in “  The M echanical World ”  is available for 
consideration as an appliance in connection with the electric 
driven m achinery and what dependence can be placed upon 
brakes.

There is also an article on the H ydro-E lectric W orks in 
course of construction on the R iver Jo rdan  in  Palestine, with 
very good illustrations of the water flow at different parts of 
tiie land.

The extensions th a t have been made in  the Lots Road Pow er 
House since we paid a visit to it some years ago are outlined 
in  a short artic le in  the A pril 5th, “  E lectrical Review ,”  with 
references to the fu rther extensions under way. I t  is stated 
that 925 tons of coal per day is used by 32 boilers delivering
10.000.000 lbs. of steam per hour to nine turbo alternators, 
which carry  100,000 k.w. of load with an ou tput of 1,300,100 
k.w. hours daily a t a pressure of 11,000 volts. Some 431 miles 
of h .p . cable deliver the energy generated to 43 sub-stations 
ranging  from 1,800 to 10,000 k.w capacity and supply 91 
miles of railw ay and 49 miles of tram w ay, which carry
2.000.000 passengers daily.

The electrical salinom eter fitted in the R .M .S. Statendam  
is also described and illustra ted  in  the A pril 5th “  E lectrical 
R eview .” There is only one ind icating  instrum ent on the 
control board which is calibrated to read from 0 to 70 m illi
grammes of salt per litre . The tem perature compensation is 
for from 80° to 130° F . In  the event of excessive salt being 
present a w arning lamp commences to glow and should the 
excess increase the relay operates and rings a w arning bell. 
The am ount of salt in the water in any of the circuits can be 
indicated.

In  “  The E lectrical Review ”  of M ay 10th, there is an 
article of value on “  The T rain ing  of A pprentices,”  w ith refer
ence to the Pam phlets issued by the City and Guilds of London 
In stitu te  ou tlin ing  its courses for electrical installa tion  work 
revised to date. The artic le aimed specially to advocate the 
best and most efficient tra in in g  for electrical work, but m any 
of the paragraphs can apply w ith advantage to all classes of 
industrial work and it is recommended for the consideration of 
parents and guardians of the young as well as to the appren
tices and students.
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In  A pril 19th issue there is an illustra ted  detailed descrip
tion  of the S tretford N .D .C . electricity  generating  station fitted 
with w ater-tube boiler using powdered coal. The steam pressure 
is 175 lbs. per sq. inch and rated  at an evaporation of 25,000 
lbs. of w ater per hour w ith  chain g ra te  stokers. The two 
burners are of the Buell type. From  the  overhead bunker the 
coal-dry slack is fed through a m agnetic separator to an auto
m atic feeder, whence it passes into the m ill. The powdered 
fuel is then drawn by an exhauster fan through the classifier 
into a pipe leading to the burner. I t  is worthy of note th a t 
the m ill is so constructed th a t coal which lias not been reduced 
to a sufficiently sm all size autom atically  passes to the in let and 
again goes through  the m ill.

There is a description in the A pril 26th issue of the experi
m ental work at the B irm ingham  C orporation’s E lectric ity  
S tation, which has dem onstrated am ongst other th ings, th a t the 
use of powdered coal results in  a h igher combustion heat effi
ciency in the boiler th an  is obtained w ith m echanical stokers.

In  the Liverpool “  Jo u rn a l of Commerce and Shipping Tele
graph  ”  Supplem ent of Ju n e  20th, there is a fu ll descriptive 
artic le on the Statendam , g iving details of the hull, accommoda
tion for passengers, m ain and aux ilia ry  m achinery.

A new simple balanced rudder is also described. I t  has been 
produced by the Deutsche W erft of H am burg, and is said to be 
both reliable and cheap, having been in use for nearly  two 
years on various types of vessels w ith good results. The method 
of constructing the stern post for the Sim plex R udder does not 
differ to any extent from th a t of the ordinary  single screw 
vessel. The ord inary  type of rudder post is rectangular, th a t 
of the Sim plex type is cylindrical, connected to the ordinary  
rudder post by strong flanged couplings a t the upper and lower 
ends, thus form ing a rig id  stern fram e. This cylindrical stern 
post is incorporated in  the stream  lined body of the balanced 
rudder and serves as its ro tary  axis, pivoted by two strong neck 
bearings. The cross sectional shape of the rudder area fore and 
a ft of the  ro tary  axis is so calculated th a t  the system of water 
pressing against the hu ll m ust pass through the ro tary  axis a t 
all rudder angles, the result being th a t for moving the rudder, 
only the fric tional resistance has to be overcome. Tbis is 
illu stra ted  in  M .S. K ulm erland, H am burg-A m erica L ine, of
10,000 tons, 14 knots speed, a 4 h .p . steering engine being 
ample for working the rudder, w hilst an ordinary  blade rudder
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requires 35 h.p. The lack of steering efficiency when runn ing  
astern  by o ther semi and fully  balanced rudders is entirely  
elim inated, due to the whole of the rudder area ly ing in  the 
direction of the effective stream , whether runn ing  ahead or 
astern, even at the smallest rudder angles. The method of fit
ting  adm its of easy access to the propeller, and of the drawing 
of the shaft. A great saving in weight and cost is claimed by 
the adoption of this rudder and more than  20 vessels have been 
equipped with it, including two conversions from an earlier 
well known type of balanced rudder.

S h i p b u i l d i n g  f o r  t h e  S h i p o w n e r . E r a m e  S p a c in g  a n d  
D o u b l e - B o tto m  F r a m in g .— T h is  is  a  s u b j e c t  w h ic h  h a s  b e e n  
d e a l t  w it h  v e r y  f u l l y  in  a  s e t  o f  i n t e r e s t in g  a r t ic le s  w h ic h  h a v e  
a p p e a r e d  in  s u c c e s s iv e  w e e k s  in  th e  S h ip b u i ld in g  a n d  E n g in e e r 
in g  e d i t io n  o f  t h e  “  J o u r n a l  o f  Commerce.”

E x p o r t s  o f  S c r a p  I r o n .—A ttention is called to the large 
export of' scrap iron from B rita in  in spite of the fact th a t the 
requirem ents of our foundries are greater than  can be met. I t  
is therefore well to call a ttention to the exportation of an asset 
which is of value to the home m arket.

In  "  The Shipping W orld ”  of A pril 24tn, there is an ac
count of an in teresting repair to the reduction gear shaft of the 
M atakana, which worked loose from the wheel on the outward 
voyage. A tem porary repair was made by d rilling  and tap 
ping holes, then inserting  screwed plugs at the junction be
tween the shaft and the boss. This carried the vessel home, 
when the shaft and wheel were disconnected and the wheel was 
bored out tru e ; the spare shaft was bu ilt up by the Fescol pro
cess to allow for the bore and m achined to a good fit. The 
loose shaft was also bu ilt up by the process, tu rned  and kept 
for spare.

In  the same Journa l there is a photograph and appreciative 
notes of the late Joseph Havelock W ilson.

From  the “ E ng ineer,”  of Ju n e  28th, 1929: —
G e r m a n  L i n e r  Brem en  a t  S o u t h a m p t o n .— As the large dock 

at H am burg—the only one in Germ any capable of taking very 
heavy ships— is occupied at present by the Euro-pa, the 46,000 
ton N orth  German Lloyd liner, which was seriously damaged
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by fire last M arch, her sister ship, Bremen, is to be docked at 
Southam pton for the final survey of her hu ll before being de
livered to the owners. According to present arrangem ents, 
the Brem en  will arrive on Monday n es t, Ju ly  1st, a t a very 
early  hour, and will be placed as soon as possible in  the great 
floating dock belonging to the Southern R ailw ay Company, 
which has a liftin g  capacity of 60,000 tons. I t  is an ticipated  
th a t  the survey will be completed in  two days, a fte r which the 
ship will re tu rn  to Bremen to be made ready for her m aiden 
voyage across the A tlan tic , beginning on Ju ly  16th. I t  is no 
secret th a t her owners espect th is vessel to establish a new 
speed record on the Southampton-New York route*  She was 
laid  down in the W eser Shipyard on Ju n e  18th, 1927, and was 
launched on A ugust 16th of the following year, bu t h er com
pletion was delayed by the prolonged shipyard strike in G er
m any which began last autum n. She has a length  of 933ft. 
overall, a beam of 100ft., and is propelled by quadruple-screw, 
single-reduction, geared turb ine m achinery of 96,000 S .H .P ., 
tak ing  steam from oil-fired boilers. The contract speed is 
2 6 | knots, which will probably be improved upon when the 
engines have been “  run in .”  The design of th is ship and her 
consort has been enveloped in a certain  am ount of m ystery up 
to now, but the N orth Germ an Lloyd announces th a t complete 
details w ill be released as soon as the Brem en  has begun her 
m aiden voyage. H er cost is officially stated to be £2,600,000.

The new tug  for D urban H arbour, which was bu ilt by Sir 
W . G. A rm strong, W hitw orth  and Co., has arrived safely at 
her destination afte r a voyage of th irty -th ree  days. She is 
170ft. long by 34f't. 6in. beam and has engines of 3,500 horse
power. H er speed is 13 knots. The boilers are of the Babcock 
and \Vilcos type.

From  the “  E n g in eer,” Ju n e  2.1st, 1929: —
T h e  F o r m a t io n  or S c a l e  i n  B o i l e r s .— The most trouble

some of all the scale-forming constituents of feed-w ater is un 
doubtedly calcium  sulphate. Sulphate scale is a hard , dense 
deposit almost like p o rce la in ; it is p articu la rly  difficult to 
remove from the m etal surfaces, and is probably responsible 
for more bent, blistered or burst tubes than  all other causes 
pu t together. The presence of calcium  sulphate also renders 
o ther deposits more dangerous, for those th a t would be porous 
or friable by themselves are entangled bv its needle-like cry-

* This has now come to pass, and the news is being circled round.—J.A.
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stals and consolidated into a hard  layer capable of giving 
more trouble th an  either deposit singly. The im portance of 
calcium sulphate as an im purity  of feed-water has led to 
numerous studies of its nature and effects. Three forms of 
it are found in  boiler-scale, rang ing  from gypsum  w ith two 
molecules of water of crystallisation to the anhydrous salt with 
none. A ll three forms produce deposits which are essentially 
sim ilar. The first two, however, are associated w ith tem pera
tures lower th an  those met with in modern steam practice, and 
as they both tend w ith tim e to pass autom atically  into the 
anhydrite , the la tte r  alone is of practical im portance to boiler 
users. All forms of calcium  sulphate are throw n rap id ly  out 
of solution as the tem perature rises, w ater which can hold 
about 650 parts of the anhydrite  per m illion at atm ospheric 
boiling tem perature depositing a.- much as 91-5% of the salt 
by the tim e a tem perature of 220° C., or a boiler pressure of 
about 320 lb. per square inch is reached.

Two theories have been advanced as to the way in  which 
the sulphate is deposited. According to one belief, as soon 
as the w ater reaches its lim it of saturation , the salt comes 
out of solution in the form of m inute particles distributed 
through the mass of tne water, which eventually attach  them 
selves to the heating  surfaces and build up a thickness of 
scale. This, which may be called the colloid theory, has 
given rise to various attem pts to prevent scale either by m ain
tain ing  an electric potential tending to oppose the contact of 
the charged particles w ith the m etal, or by adding other 
colloidal solutions w ith the idea of preventing the sulphate 
particles sticking together or to the m etal surfaces. The al
ternative theory, which is th a t the scale is formed in  position, 
appears to have been definitely established by D r. E . P . P a r t
ridge and Professor A. H . W hite, who have embodied the 
results of some very in teresting experim ents in a paper con
tributed to the m onthly journal of the A .S.M .E . By ex
am ining microscopically the h igh ly  polished surface of a 
m etal plate through which heat was being transm itted  to 
water containing calcium  sulphate in  solution, it became 
evident th a t scale always started  as a fine ring  of m inute 
crystals, m arking the place where a bubble had been detached. 
From  these rings needle-crystals grew outwards into the solu
tion, became interlaced w ith sim ilar crystals from adjacent 
rings, and so on u n til the whole surface was covered w ith a 
crystalline deposit. Experim ents w ith a ir and other gases in  
solution, w hich were liberated  as bubbles before the boiling
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point was reached, confirmed the view th a t a bubble of any 
hind was sufficient to s ta rt deposition, though in boiler prac
tice steam  bubbles alone need be taken into account. Accord
ing to the views of the authors the m echanism of scale form a
tion in steam boilers is somewhat as fo llow s:— W hen boiling 
tem perature is reached the film of water next to the heated 
m etal begins to vaporise at some point. The surface under 
the vapour then  becomes ho tter still, owing to the insu lating  
effect of the vapour. This local overheating causes the film of 
solution surrounding the dry spot to be evaporated, the bubble 
therefore growing u n til i t  becomes detached from  the m etal 
by its own buoyancy. W hen such a process takes place in  a 
saturated  solution of calcium  sulphate, the fluid film a t the 
edge of the dry spot becomes supersaturated by the increase of 
tem perature, and is forced to deposit m inute crystals in the 
ring  where m etal, vapour and w ater meet. These crystals are 
always in  contact w ith a supersaturated solution, first on ac
count of the evaporation of pure w ater into the b u b b le ; and 
secondly, by the re tu rn  of liquid  now supersaturated , afte r the 
departure of the bubble. They thus tend to grow continu
ously as long as heat enters the solution th rough the m etal.

I f  this view is correct— and the experim ents of Messrs. 
P artrid g e  and W hite seem to leave little  room for doubt about 
it— the collodial theory is untenable, and electrical methods 
of preventing scale are founded on false premises. M any pro
cesses work, however, in spite of th e ir theory being wrong, 
and investigations into electrical methods are being proceeded 
with.

On F rid ay , Ju n e  14th, 1929, at the Ju n e  m eeting of the 
Diesel E ngine U sers’ Association, Mr. C. H . F aris  read a 
paper on “  R epairs to Diesel E ngine P arts  by Electro-deposi
tio n .”

The au thor described a method of electro-chem ical deposi
tion which has been evolved and has been successfully used for 
building up worn or corroded hydraulic ram s, compressor 
plungers, steam  engine piston-rods, pum p im peller shafts, and 
num erous autom obile parts. W hile the cost of the deposition 
operation was less th an  th a t of replacem ent, additional satis
faction had been derived from the longer subsequent service 
obtained. I t  was pointed out, however th a t the process under 
discussion was not to be confused w ith th a t of ord inary  p la t
ing, in which no real adhesion of the th in  deposited layer oc
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curred. In  the deposition process referred to, very heavy 
deposits of nickel, and 111 certain  cases of copper, chromium , 
cobalt, cadmium , and lead, could be obtained with perfect 
adhesion.

W ith  regard to the question of wear, it was stated by Mr. 
E aris th a t the general idea th a t nickel is a soft m etal was not 
oorne out by the data obtained in actual service conditions. 
The m elting point of nickel was given as 1452° C., and an 
average hardness figure would be 320 B rinell, though in 
special circum stances as h igh  a figure as 370 B rinell can be 
obtained. The m etal responded very satisfactorily to the 
H erbert pendulum  hardness tester. Examples were given 
showing reduced wear and increased resistance to corrosion 
after the process had been applied to worn parts.

Dealing with m atters of more direct interest to the Diesel 
engine user, the au thor said th a t it was worthy of note th a t 
in four new motor ships now under construction, all the inlet 
and exhaust valves were being reduced 0-020in. below the 
standard  diam eter on the spindle portion, in order to allow for 
a nickel deposit of 0-010in. Such treatm ent of the parts as a 
p art of the m anufacturing  process probably ensured th a t the 
fullest possible advantages were derived from the process of 
deposition.

O ther parts on which electro-deposition can be successfully 
carried out included fuel oil needle valves, plungers for fuel 
valves, sta rtin g  and a ir inlet valves, a ir compressor parts, pis
tons, gudgeons, crank shafts, pumps, cam shaft journals and 
cams and other details, and it m attered not if the surface was 
iron, steel, or bronze. E urther, localised trea tm ent could be 
applied if required. The author stated th a t it was not advis
able to fit a piston with a nickel surface into a liner, the bore 
of which has been surfaced w ith the same m etal. R ecent ex
tensions to the p lan t w ith which he was concerned had made 
it  possible to handle individual jobs up to six tons and tip to 
17ft. by 6ft. diam eter, and to grind or tu rn  parts 22in. in dia
m eter, w ith a length  up to 26ft.

From  the “ E n g in eer,”  of June 14th, 1929: —
P o w d e r e d  F u e l  S t e a m s h i p s . —  On F r id a y ,  June 7th, 

there was launched  from  the y ard  of W illia m  Gray 
and C om pany, L td ., W est H artlepool, the steam er 
Swift,pool, w hich  is b e ing  constructed fo r S ir R . Ropner and
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Co., L td ., and is the first steam er to be equipped w ith  boilers 
fired on the “ B rand ” powdered fuel system. The new ship 
is a modern cargo steam er, bu ilt to L loyd’s highest class 
survey, w ith  a length  of 434ft. 4in. and a beam of 54ft. 3 in., 
and a deadweight carry ing  capacity of 9,000 tons. She will 
be propelled by triple-expansion steam engines, having cy lin
ders 26^in., 44in., and 73in. diam eter, w ith a stroke of 48in. 
designed to work at a steam pressure of 180 lb. per square 
inch. The three single-ended boilers will be equipped w ith 
the latest type of B rand burners, pulverisers and distributors, 
and the ship wTill have a designed speed of about 11 knots.

T h e  P r o p u l s io n  o f  S h i p s .— Nowhere, we venture to say, 
is the m arch of progress more rap id  th an  in  the dom ain of 
m arine propulsion. H ard ly  a month passes w ithout b ring ing  
some in teresting  item  of news bearing on this subject. The 
contest between the steam engine in its m anifold forms and 
the in terna l combustion m otor is rag ing  w ith unabated energy, 
yet the issue is still in doubt. Ships of unprecedented ton
nage, to be equipped w ith one or o ther of the rival systems, 
have already been or are about to be ordered. I t  is an under
stood’ th in g  tha t the new W hite S tar liner Oceanic of 60,000 
tons, now on the stocks at Belfast, is to have Diesel-electric 
drive, a decision involving unheard-of developments in th is 
method of propulsion, h itherto  tried  afloat on a very modest 
scale.

F u rth e r, there are definite forecasts of the build ing  of one 
or more great Cunard liners, even larger th an  the Oceanic, 
which rum our credits w ith  high-pressure steam  turbines up 
to 160,000 S .H .P . T urning from plans to actualities, wre find 
a Germ an liner, the Brem en, on the eve of m aking a bid for 
.the “ blue riband  ”  of the A tlan tic ; the twenty-twro year old 
M auretania, and the younger but by no m eans juvenile 
Berengaria, b lithely  breaking th e ir own speed records, and 
the French N avy claim ing speed supremacy by v irtue of the 
39-9f5-knot tr ia l run of its new destroyer V alm y. Nor m ust 
m ention be om itted of the P . and 0 . turbo-electric liner 
Viceroy of Ind ia , which lately  completed a most successful 
m aiden voyage from T ilbury  to Bombay and back. Besides 
these outstanding  events, there are others w hich, if  less sen
sational, are of equal significance from the engineering point 
of view, such as the launch on the Clyde last m onth of the 
Berwindlea, the first vessel to be specially designed for burn-
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m g pulverised coal, and the bu ild ing  of a large Germ an w ar
ship to be fitted with in ternal combustion engines, in which 
the norm al w eight per u n it of power has been reduced to an 
alm ost unbelievably low figure. Sluggish indeed m ust be the 
im agination which is not stirred  by these happenings.

From  the “  S h ip b u ild e r”  of Ju n e : —
By desire of the Council on recommendation of a committee, 

the following is quoted by permission of the “  Ship
builder —

B io g r a p h ic a l  S k e t c h e s . M r. J a m e s  A d a m s o n .— Few 
personalities in shipbuilding and m arine engineering circles 
are better known, and none is more beloved, than Mr. 
•James Adamson, the veteran honorary secretary of the In 
stitu te  of M arine Engineers, who, in  his 80th year, is to be 
found each day at the office of the In stitu te , for which he has 
done so much, from 10 to 5 and on m eeting nights ti l l  about 
9 o’clock. M arine engineers the world over, we venture to 
th ink , w ill rejoice to see the p o rtra it which adorns the frontis
piece of our present issue, and will read w ith interest th is all- 
too-brief record of a busy life, so largely  lived for others.

Jam es Adamson was born in S tirlingshire  on the 8th 
January , 1850. His g randfather was a shipbuilder a t Aber
deen over a century ag o ; bu t the site of his yard  being re
quired for harbour use, he removed to G rangem outh. A fter 
his death, about 1860, his youngest son and a nephew carried 
on the shipyard and dry dock there, the ships b u ilt by them  
being launched on the R iver Carron. A grand-uncle of our 
subject— Thomas Adamson—was a shipbuilder at Dundee, 
vessels b u ilt by him  including the Seahorse in  1834 and the 
Forfarshire, the crew of which were saved by Grace D arling  
and her father, a lighthouse-keeper on the F arne Island 
when th a t ship was wrecked off the N orthum berland Coast in 
1838. L ater, Thomas Adamson removed to Alloa, and car
ried on sh ipbuild ing there u n til his death.

The subject of th is sketch was educated a t schools in  F alk irk  
and Alloa and a t the D ollar Academy. The first year of his 
apprenticeship was served w ith a Mr. Taylor, blacksm ith and 
m illw right, of F alk irk , during  which young Adamson had his 
first experience in the construction of m arine engines. He 
then  proceeded to Glasgow, and while working there he had 
a fall of about 30f't. into a sh ip ’s hold. On recovery from 
th is m ishap, and w hile s till suffering from a damaged arm , he
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began drawing-office work, and afterw ards served w ith Messrs. 
A lexander Stephen and Sons, Messrs. l la i t  and L indsay, and 
Messrs. Jam es Howden and Co. He also attended the Glasgow 
University for three sessions.

rtemoviiig to London, Mr. Adamson served as draughtsm an 
w ith M e ssr s . J .  and W . Dudgeon; and afte r the death of the 
head of tha t firm, he gained experience at sea as an engineer. 
D uring the period spent as a seagoing engineer, he visited the 
P rincipal of the Im perial College of E ngineering  at Tokyo.

About 18T8 our subject obtained an appointm ent as d raugh ts
man and assistant to M r. Malcolm Campbell, superintendent 
engineer to the B ritish  In d ia  Steam N avigation Company and 
the Ducal L ine; and on M r. Cam pbell’s death in 1889 he be
came superin tendent engineer to the com pany at the Royal 
A lbert Dock, London. As superin tendent engineer he took a 
special interest in the boilers of the steamships under his charge, 
exam ining the in teriors every voyage in  order th a t he m ight 
see for him self the condition of the p la ting  and stays. His 
opinion 011 m arine boilers was h ighly  valued, and when cases 
of doubt or difficulty arose outside his own special sphere his 
advice was often sought and w illingly given.

In  the autum n of 1888, several superintendent engineers 
and others associated w ith m arine engineering in the neigh
bourhood of the Royal A lbert Dock considered the question of 
founding a society for the benefit of m arine engineers, and to 
afford them  opportunities to meet and discuss experiences and 
th e ir bearing 011 the work and m aintenance of steam ships. A 
m eeting was held at S tratford , London, to exam ine the pro
posal, and a com m ittee was formed (including M r. Adamson) 
to give effect to the scheme. A reading room was rented on 
the 1st F ebruary , 1889, and members of the com m ittee fu r
nished it w ith papers and books. A bout two m onths la te r— 011 
the 5th A pril—the first paper was read, the au thor being Mr. 
A rth u r J .  M aginnis, whose death took place at Liverpool in 
Jan u a ry  of th is  year, as recorded in  the F eb ruary  niim ber of 
the “ S h ipbu ilder.”  The subject of this paper was “  Steering 
Gears ” — a very appropriate one for the occasion, and in  some 
respects the  paper proved prophetic. The expenses involved in  
the foundation work were borne in  the hope and expectation of 
progress, and were m et by those who joined, each paying  his 
subscription in  advance in  order to m eet the outlay. The I n 
s titu te  of M arine Engineers, to give it its fu ll title , was incor
porated in  Ju ly , 1889. The m eetings, held fo rtn igh tly , were
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well a tten d ed ; papers were read and discussed; and coal-testing 
was carried on weekly, samples being provided by chief engi
neers, who attended the m eetings in order to discuss the char
acteristics of the coal tested w ith a view to arriv ing  a t the best 
methods of burning it. U ndoubtedly im portant benefits ac
crued from these early  m eetings as they led to economical re
sults in  using m any types of coal bunkered at ports all over 
the world. F or the benefit of juniors and apprentices, certain  
evenings were also devoted to special lectures on various sub
jects w ith a view to w idening th e ir m entality , and classes were 
held to encourage s tu d y ; while social gatherings', visits to 
works, and exhibitions of engineering appliances were among 
the other activities of the In stitu te .

In  1893 new premises were purchased at 58, Romford Road, 
S tratford , and several alterations were carried out so th a t  the 
building m ight be suitable for the purpose in  view, a lecture 
hall being provided together w ith a billiard room above. P rior 
to this step, and in order to meet the increasing m em bership, 
meetings took place in the city , generally  at Gresham H all or 
a t the liall of the Royal Society of Arts.

L ater, i t  became necessary to consider the advisability  of 
obtain ing a site for the erection of premises in  the city , and 
meetings were held to consider ways and means. Subsequently 
a fund was opened, and donations were soon forthcom ing; one 
of the founders of the firm of G. and J .  W eir, L td .— Mr. 
Jam es W eir— generously giving £1,000 towards the fund. At 
length a sufficient am ount was in  hand, and a site was p u r
chased near the M int, overlooking the Tower of London. 
In  1913 the foundation stone was laid  by the then Lord Mayor 
of London (S ir David B urnett), S ir Thomas L . D evitt being 
at th a t tim e the P resident of the In stitu te . The following 
year the In s titu te  removed into the new premises, the opening 
ceremony being perform ed by Sir A rchibald Denny. In  1919 
H is M ajesty the K ing was graciously pleased to accept the 
office of P atron . The list of the Presidents of the In s titu te  
include such honoured names as Lord K elvin, D r. P eter Denny, 
S ir W illiam  H. W hite , S ir Thomas Sutherland, Sir A. J .  
Durston, S ir J .  Fortescue F lannery , D r. John  In g lis , Colonel 
J . M. Denny, S ir Charles A. Parsons, V iscount P irrie , S ir 
David Gill (at one tim e Astronom er Royal at the Cape), the 
Duke of Montrose, S ir A rchibald D enny, Lord W eir, Sir 
George G. Goodwin, Lord K vlsant and S ir A lan G. Anderson 
(the present P resident), to m ention only a few at random.
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O ne of the Founders and first H on. Secretary of the Institute 

(Reprinted by permission of T h e  Shipbuilder.)
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ing to one who has been able to make a survey of this nature 
th an  the divergence of type of engineers who are in  control of 
the m achinery. I t  would appear to us th a t some shipowners, 
and especially those who are tak ing  delivery of m otor vessels 
for the first tim e, have not paid sufficient atten tion  to the ques
tion of the choice of men w ith the rig h t m entality  for suc
cessfully operating Diesel m achinery. In  some instances we 
nave found the control vested in engineers who frankly  dislike 
th is type of motor. However wrong we m ay feel th e ir a ttitude 
to be, few will quarrel w ith them  if they honestly hold this 
view ; but the owners cannot be too strongly criticised for per
m itting  such engineers to have the responsibility of control
ling  p lan t costing scores of thousands of pounds. W e have 
always found the operating results to be less favourable th an  
those in corresponding vessels in which the engineering staff 
is enthusiastic, and v ita lly  interested in Diesel m achinery.

The difference between the Diesel and the steam  engineer is 
large ly  one of m entality , for the form er has to work on the 
principle of an tic ipating  and diagnosing. In  some ships it is 
only the chief engineer who is consciously, or subconsciously, 
antagonistic to Diesel m achinery, and in those cases he relies 
on his subordinates— an anomalous situation th a t should not 
be perm itted to exist.

We cannot urge too strongly on shipowners, through th e ir 
superintendents, the necessity of paying very special a ttention  
to the choice of the engine-room staff for th e ir new vessels and 
particu la rly  passenger ships. Prom otion by seniority should 
not be the order of the day, but men w ith capacity for han d lin g  
Diesel engines should be moved up rapidly .

F rom  the “  Motor S h ip ,” Ju ly , 1929: —
P r e s s u r e  C h a r g i n g  w i t h  D i e s e l  E n g i n e s .— At the time 

when publicity  was first given in the columns of th is journal 
to the system of increasing the ou tput of four-cycle Diesel 
m achinery by exhaust-gas charging, or pressure charging, con
siderable scepticism was shown in most quarters and the gen
eral belief was th a t small practical application of the method 
would result. I t  takes considerable tim e for ideas of th is 
natu re  to be sifted out and a clear perspective to be gained of 
the possibilities th a t m ay be anticipated  in service as d istinct 
from w hat may theoretically  be atta ined  in the workshop.
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But it may now fa irly  be stated th a t pressure charg ing  has 
reached a stage where it m ust be considered very carefully  by 
shipowners and shipbuilders.

I t  cannot, however, be stated th a t a defined system of pres
sure charging, lim ited  in its details, m ay be considered as 
standard  practice. P robably a long period must elapse before 
this situation  will arise.

So fa r as can be now judged, the pressure induction system 
will find its widest application in  four-stroke-engined fast cargo 
liners, for it  affords a ready m ethod of increasing the output of 
the engines to a substantial extent and, moreover, provides a 
means of flexibility  whereby the norm al speed m ay be exceeded 
by one-half or one knot.

I ts  u tility  viewed from this aspect is readily  understood. 
The modern fast cargo liner, which must average, say, 13 or 
13^ knots over a voyage of any th ing  up to 20,000 sea miles or 
more, will almost necessarily encounter w eather th a t  for a 
shorter or longer tim e will set back the speed to a marked 
ex ten t. I f  supercharging perm its of th is loss of tim e being 
made up w ithout overloading the m achinery the advantage to 
the shipowner needs no emphasis.

The question of pressure charging has come into prominence 
in th is country during  the past m onth on account of the orders 
placed for some rem arkably in teresting fast cargo liners, four 
for the Silver Line and three for the B lue F unnel L ine, a ll of 
which, it is understood, will be provided w ith  th is system. 
The vessels in question will represent the highest-powered 
cargo ships th a t have yet been bu ilt and the em ploym ent of 
pressure charg ing  on such ships indicates th a t the system m ust 
not be considered as in any degree experim ental. The results 
achieved by it on the first tanker to which it  has been applied 
are given on another page and, here again, unexpected ad
vantages seem to have resulted. W hatever opinion m ay be 
held concerning pressure charging, therefore, i t  is quite cer
ta in  th a t its fu rth e r development m ust be watched w ith  the 
•closest atten tion .

From “ Engineering,” June 28th, 1929:—
T u r b o - E l e c t r ic  P r o p u l s io n  i n  t h e  Viceroy of Ind ia . — 

Though it is still too early  to give final figures, it m ay be 
m entioned th a t, over the Skelmorlie measured m ile, a speed of 
17-1 knots was attained , w ith a displacem ent of 19,086 tons



4 1 6 N O TES.

and a mean draugh t of 23ft. 8 fin ., the guaranteed speed being 
16-5 knots. U nder these conditions, the fuel consumption 
worked out at 0-74 lb. per shaft horse-power hour, the propeller 
speed being 97 r.p .m ., and the power developed 10,410 shaft 
horse-power, including a ligh ting , heating and cooking load 
of 700 kw. This figure agreed very closely with the estim ate 
made. I t  is not w ithout interest to learn th a t one of the R 
class P . and O. vessels, which are some 3,000 tons gross sm aller 
than  the Viceroy of Ind ia , recorded a speed of 17-1 knots, on
13,000 shaft horse-power. The superior perform ance of the 
turbo-electric ship is thus an excellent testim ony to the value 
of the system, as well as to the advantages of high-pressure 
and high-tem perature steam ,.w hile the optim um  com bination 
of hu ll and propeller, which was obtained by model tests in 
the E xperim ental Tank at the N ational Physical Laboratory, 
is another factor which m ust not be neglected in m aking th is 
comparison.

I t  m ay be added th a t, on a six-hours’ consumption tria l w ith 
one turbo-alternator driving the propelling motors at half-load, 
the to tal power generated was 7,561 kw., corresponding to 9,810 
shaft horse-power at 91-5 r.p .m ., the fuel consumption, with 
a vacuum of 28-5 in ., being the same as th a t given above. On 
the fu ll power tria ls w ith both turbo-alternators in operation, 
a speed of 19-62 knots was obtained, the m ean propeller speed 
oeing 113 r.p .m ., while la ter a m axim um  speed of 19-8 knots 
was obtained. On the fuel consumption tria ls  under full-load 
conditions at a scheduled speed of 18-25 knots, the power de
veloped was 13,322 shaft horse-power at a mean propeller speed 
of 103-54 r.p .m . U nder these conditions, w ith a vacuum  of 
28'93 in ., the fuel consumption worked out a t 0’581 lb. per shaft 
horse-power hour. D uring the whole of this tim e the boilers 
perform ed well, and pressures and tem peratures in excess of 
those specified were m aintained.

In  addition, reversing, manoeuvring and tu rn in g  tria ls  were 
carried out w ith success, during  which the ship was pulled up in 
2min. lOsec. when steam ing at 19 knots. W hen the ship was 
tu rned  sharply, the propelling motors did not pu ll out of syn
chronism, and there was complete steadiness and absence of 
v ibration. I t  is adm itted  th a t, when runn ing  through two 
critical speeds, a slight trem or is experienced, bu t this can 
be overcome by ra ising  or lowering the speed by one revolution. 
A.11 the measurem ents we have given were made on sensitive 
kilow att m eters, fitted both on the m ain control board and on
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a special test board, which was rigged up in the ch ild ren’s 
playroom 011 the boat deck. On the la tte r  board, in  addition 
to the instrum ents, there was a clock and a large seconds 
chronometer, and during  all the manoeuvring tria ls , a con
tinuous cinem atograph film of the board was taken, so th a t any 
variations in  the curren t and voltage could be analysed.

F in a lly , it m ay be said th a t, on her m aiden voyage, it was 
found th a t, compared w ith sim ilar recent vessels fitted w ith the 
latest type of quadruple-expansion engines, the Viceroy of 
Ind ia  consumed less fuel by more than  30 tons per day and less 
lub rica ting  oil by 25 gallons per day. The commander, and 
all the pilots who have handled the ship, report th a t she 
manoeuvres w ith great ease, and speak h igh ly  of the advantages 
of having the fu ll power available for going astern. The ab
sence of vibration and propeller racing has been rem arked upon 
by the passengers, and it is claimed th a t, b arrin g  accidents, 
the m aintenance costs should be considerably less than  w ith 
any  other type of m achinery.

From  “  Ice and Cold S torage,”  of J u ly :  —
T h e  L e a k a g e  o f  H e a t  in t o  S h i p s ’ I n s u l a t e d  H o l d s .—  

Special R eport No. 34, Food Investigation  Board, L o n d o n : 
H .M . S tationery  Office, A dastral House, K ingsway, London, 
W .C . 2. 1929. 9 |  x 6. v + 34 pp. P rice Is.

The report under review has an unusual character in  th a t 
the experim ents it describes were in itia ted  not by the Food I n 
vestigation Board, bu t by a private firm, nam ely, Messrs. J .  
and E . H a ll, L td ., of D artford , the well-known makers of re 
frig e ra tin g  m achinery. They arose as an a ttem pt to supply 
a very practical need, the need of the engineer and designer to 
know w hat is the am ount of the leakage of heat th a t  his p lan t 
will be called upon to deal w ith. There are accurate data 
available of the  therm al conductivities of most common in 
su la ting  m aterials, bu t these data are not in  themselves suffi
cient to supply the inform ation needed, because the structures 
involved in  the leakage of heat, particu la rly  in  the case of 
ships’ holds, are too complicated to lend themselves easily to 
calculations of the heat-flow. Hence arose the pro ject of 
m aking direct m easurem ents of the ra te of leakage of heat 
in to  the insulated  spaces of an actual ship.

M essrs. J .  and E . H all, L td ., invited  the assistance of the 
D epartm ent in m aking these experim ents, and at the conclu
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sion of them , they  generously placed the results a t the D epart
m en t’s disposal for publication. The owners of the ship, wTho 
had already done a g reat deal to m ake the experim ents a suc
cess, by placing an eminently suitable vessel, with its plant, 
entirely  a t the disposal of the investigators, readily gave th e ir 
consent to the publication of the data, and the present report is 
the result.

The results refer, stric tly  speaking, only to one p articu la r 
ship, although a representative ship, and to one p articu la r set 
of conditions. The results represent an in itia l effort in  a diffi
cult field of m easurement, which will need to be more fu lly  
explored in fu ture investigations.

From  the “  Shipbuilder ”  of J u ly :
T h e  E f f e c t  o f  V e l o c i t y  i n  A v o i d i n g  C o r r o s i o n  b y  

W a t e r . — A n  i n t e r e s t in g  e x p e r im e n t  w a s  c o n d u c te d  r e c e n t ly  
b e fo r e  t h e  m e m b e r s  o f  t h e  I n s t i t u t i o n  o f  C iv i l  E n g in e e r s ,  to  
d e m o n s tr a te  t h e  a c t io n  o n  m e ta l  o f  w a t e r  a t  h i g h  a n d  lo w  
v e lo c i t i e s  r e s p e c t iv e ly .  I n  t h i s  p a r t ic u la r  c a se  t h e  m e ta l  w a s  
s t e e l .  A  c ir c u la r  s t e e l  p la t e  a b o u t  lO in . in  d ia m e t e r ,  w it h  
a  p o l i s h e d  s u r fa c e  a n d  c le a n e d  to  r e m o v e  a l l  t r a c e s  o f  g r e a s e ,  
w a s  m o u n te d  h o r iz o n t a l ly ,  so  t h a t  a  j e t  o f  w a te r  im p in g e d  o n  
i t s  c e n tr e ,  th e  v e lo c i t y  o f  t h e  f lo w  b e in g  c o n t r o l le d  b y  a  s u i t 
a b le  s to p  v a lv e .  T h e  a x i s  o f  t h i s  j e t  o f  w a te r  b e in g  p e r p e n 
d ic u la r  to  th e  fa c e  o f  t h e  p la t e ,  t h e  w a te r ,  o n  c o m in g  in  c o n 
t a c t  w i t h  t h e  p la t e ,  f lo w e d  c o m p le t e ly  o v e r  i t s  s u r f a c e .  F o r  a 
c e r t a in  d is t a n c e  f r o m  t h e  c e n tr e  t h e  w a t e r  t r a v e l le d  r a d ia l ly ,  
a n d  t h e n  a  s m a l l  c ir c u la r  w a v e  a p p e a r e d ,  a f t e r  w h ic h  t h e  
v e lo c i t y  o f  t h e  w a t e r  w a s  m u c h  s lo w e r . B y  a l t e r in g  t h e  v e lo 
c i t y  o f  t h e  j e t ,  i t  w a s  fo u n d  t h a t ,  a s  t h e  v e lo c i t y  w a s  in c r e a s e d ,  
t h e  d ia m e t e r  o f  t h e  w a v e  c ir c le  in c r e a s e d ,  a n d  d im in is h e d  as  
th e  j e t  v e lo c i t y  d e c r e a s e d .

The valve was then  set to give a constant je t velocity, so 
th a t the wave circle was about 4in. in  diam eter. A fter a short 
lapse of tim e, it was noticed th a t sm all bubbles appeared on 
the surface of the plate outside the wave diam eter, and these 
bubbles rem ained stationary  on the p late  surface, whereas on 
the area inside the wave diam eter sm all bubbles were seen 
moving rad ia lly  across the p late surface, bu t were never sta
tionary . A fter a few hours, the surface of the plate outside 
the wave diam eter started corroding and becoming covered 
w ith  oxide, whereas the surface of the plate inside the wave
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diam eter was perfectly b righ t. The p late  was then removed 
and wiped clean, and it  was seen th a t on its outer diam eter 
corrosion had commenced, while its inner surface diam eter 
was perfectly  b righ t.

F ig . 2.
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The explanation is th a t each partic le of w ater as it leaves 
the je t loses velocity as it radiates from the centre, and when 
the velocity reaches a certain  figure a wave is formed. This 
wave indicates the critica l velocity of the w ater at which tu r 
bulent flow ceases and gives place to stream -line flow. In  the 
experim ent described, the water on the surface of the plate 
inside the wave was in tu rbu len t flow and outside the wave 
in stream -line flow. All the small bubbles of oxygen in the 
water in tu rbu len t flow were swept off the surface of the plate, 
while those in stream -line flow were able to adhere to the 
surface of the plate and allow corrosion from th e ir oxygen 
to take effect.

The experim ent was conducted orig inally  in order to deter
mine the effect of high and low velocities of w ater on the 
tubes of the Foster economiser, w ith a view to preventing in 
terna l corrosion. I t  clearly dem onstrated th a t if the velocity 
of w ater is above its critical point, i.e ., in a state of tu rbu len t 
flow, the small oxygen bubbles are swept away and not 
allowed to cling to the tubes and so damage th e m ; while if 
the velocity is below the critical point, allowing stream -line 
flow, corrosion will take place.

P r o p e r t ie s  o f  M a t e r ia l s  a t  H i g h  T e m p e r a t u r e s .— R e
search on the properties of m aterials a t h igh  tem peratures has 
been carried out at the N ational Physical Laboratory, Ted- 
dington, under the direction of the D epartm ent of Scientific 
and In d u stria l Research, and the recently published fourth 
report deals w ith the strength  at elevated tem peratures of low- 
carbon steels for boiler construction.

The object of the research, which has been carried out at 
the request of the Board of Trade, has been to determ ine: — 
(1) The lim iting  tem perature for “  creep ” corresponding to 
a range of stress from 0-5 to 4-0 tons per sq. in . on boiler and 
superheater tubes and on bar steel sim ilar to the steels used 
for the tubes; and (2) the lim iting  “ creep ”  stresses corres
ponding to a range of tem perature from 400° C. to about 530° 
C. on superheater and steam drums.

Copies of the report, which is entitled  “ E ngineering 
Research, Special Report No. 14,”  m ay be obtained from
H .M . S tationery  Office, A dastral House, Kingswav, London, 
W .C.2.
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From  the “  Shipbuilder ”  of J u ly :  —

T h e  P e r f o r m a n c e  o f  t h e  Ira n ia .— The a ll-B ritish  double- 
acting , two-stroke cycle, m arine lieavy-oil engine which 
Messrs. R ichardsons, W estgarth  and Co., L td ., of H artlepool, 
have been developing for the past th ree or four years, has 
r ig h tly  created considerable in terest in technical circles by 
reason of its novel design, inherent sim plicity, and great pro
mise of being cheap to m anufacture. The first commercial 
engine of th is type— a three-cylinder set capable of develop
ing  1,250 B .H .P . at 90 r.p .m . was installed  in the single
screw oil-tank ship Irania , b u ilt by the Blythswood Ship
bu ild ing  Co., L td ., of Scotstoun, Glasgow, for the Iran ian  
T anker Co., L td ., of London.

The Iran ia  completed a successful series of tria ls  in  the 
F ir th  of Clyde some few weeks ago, and then  sailed im m edi
ately  following the tria ls  for G ibraltar. Very bad w eather was 
experienced from the outset, bu t the vessel and her new type 
of m achinery behaved exem plarily , and a speed of 10^ knots 
was averaged as fa r as th a t port. Between G ib ra lta r and 
Stam boul the weather was also bad, but an average speed of 10^ 
knots was again  m aintained, the m ain engine runn ing  th rough
out w ithout a h itch . The fuel consum ption per day averaged 3-8 
tons, which is very m oderate for a vessel of about 3,000 tons 
deadw eight capacity. Moreover, the consumption of lub rica t
ing  oil for the m ain-engine cylinders and piston-rod glands 
was only th ree gallons per day. W e are not aware of the 
average power under which the vessel made the passage to 
S tam boul; bu t if 75 per cent, of the m axim um  figure is as
sumed—bearing in  m ind the fact th a t the w eather was bad 
th roughou t and the m achinery new— the excellent specific 
consum ption figure of under 0-38 lb. per B .H .P . per hour is 
arrived at, which is confirmatory of the test-bed perform ance 
of the  engine.

A fully  loaded trip  was made to Constanza and Piraeus, and 
thence back to B atum , where the ship was fu lly  loaded (3,000 
tons) for Rouen. This la tte r  trip  was non-stop from Con
stantinople, the vessel arriv ing  at Rouen in  excellent condi
tion , w ith  an average consum ption of 4 |  tons per day for all 
purposes and an average speed of 10J knots. Going up the 
Seine, the engine ran  perfectly  sm oothly at 35 r.p .m . for a 
period of over one hour, which gives an indication of its flexi
bility  at the lower speeds.
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One of the cylinders was opened out for exam ination at 
Stam boul, and no m easurable wear was apparent, while the 
condition of the various parts was excellent. The fuel-valve 
nozzles were quite clear, not a single hole being choked, and

C y l i n d e r  T o p s  o f  t h e  “ I r a n i a ’s ”  M a i n  E n g i n e .

no carbonised oil was found in  the region of the nozzle holes. 
This is of considerable interest, as the prevention of nozzle 
carbonisation is one of the problems of airless injection. I t  is 
too early, of course, to hail this new engine as a complete suc
cess, and to say th a t its system of airless injection is perfect,
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because the in itia l ru n  of the lran ia  has been so satisfactory. 
The success achieved, however, augurs well for the fu tu re , and 
i t  is apparent th a t the design is sound in  its broad principles.

H ard  service will show— and eradicate—those litt le  ills to 
which all new engine designs are h e ir ; bu t the excellent per
formance of the Ira n ia ’s m achinery on the vessel’s first tr ip  
m ust give great satisfaction to Messrs. R ichardsons, W estgarth  
and Co., L td ., and to its designer, Mr. W . S. B urn, M.Sc. 
F u rth e r  orders for R ichardsons-W estgarth  oil engines will be 
forthcom ing in the near fu ture, it m ay safely be prophesied.

A n  E a r l y  T y p e  o f  C o n d e n s e r  T u b e  P a c k in g . By II. Coke 
Powel (M em ber).— In  the January , 1929, Transactions, page 
982, a description of condenser tube packing as used on the 
C ontinent is given by Mr. J .  B. H astings. The following 
particu lars of a condenser tube packing used in the 
1850/60’s m ay be of in terest to our members. My recol
lection goes back to th a t tim e. The first tu b u la r surface con
denser was made by Mr. H all, and failed, I believe, due to the 
rapid destruction of the tubes. Mr. J .'F red e ric  Spencer, about 
th a t tim e, was gran ted  two paten ts in connection w ith surface 
condensers and they turned  out a decided success. The pack
ing is th a t shown on the accom panying sketch, consisting 
sim ply of two rings of india-rubber, and during Mr. Spencer’s 
m anagem ent of his splendidly arranged works of the N orth 
E astern  E ngine W orks, Sunderland, th a t packing was exclu
sively used. I  was th e ir leading draughtsm an and took the 
diagram s and notes of all th e ir ship t r ia ls ; and for th e  m any 
years th a t I  was there I  never heard of a condenser failing  in 
any way. This packing was followed by compressed wood 
p lugs, patented  by a m arine superin tendent. Subsequently  the 
A dm iralty  produced the stuffing box w ith cotton packing, w ith  
a screwed follower. This was a complicated device, and like 
m any Governm ent inventions, was adopted regardless of cost.

Mr. Spencer’s second paten t provided for the admission by 
means of a sm all tube (about fin . from m emory) w ith  valve, 
of a sm all q u an tity  of the condensing w ater to cover the tubes 
w ith a th in  scale. I  never heard  of tube trouble then .

M r. H astings, evidently w ith  astonishm ent, and justifiably 
so, quotes from  the Liverpool Journal of Commerce, th a t  an 
engineer had had no trouble w ith  condenser tubes contain ing
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30% zinc. I t  would be in teresting  to know wliat his tube 
packing was. In  A ntofagasta in 1889, when I  m anaged the 
railw ay during the Chilian war, the only w ater obtainable for

Spencer’s Condenser Tube Packing (1850-60).

all purposes was sea w ater evaporated and condensed. Even 
this w ater so destroyed our boiler fittings tha t we had to get 
them  replaced by bronze fittings free from zinc. I t  is possible 
th a t the warmed condensing w ater in a surface condenser gives 
off a gas which conduces to the generation of an electric cur
ren t, w ith its destructive properties ? In  Spencer’s condenser 
the tubes did not touch the tube plate, and the scale protected 
the different metals of the tubes themselves.

o

Books added  to Library.

Purchased. “  In terna tional Convention for the  Safety of 
.Life at Sea.”  1929. Board of Trade Report. Published by 
ELM. S tationery Office. P rice 4 /-  net.

Presented  by the Publishers. “  E ngineering  Econom ics,”  
by  T H . Burnham, B.Se. Hons. (Lond.), B.Com. (Lond.), 
A.M.I.Mech.E. Pp. 332. 8£ in. x 6 in. Published by 
Sir Isaac P itm an  & Sons, L im ited, P ark er S treet, K ingsway. 
P rice 10/6  net. 1929. —  Our members, especially those 
who spend th e ir lives a t sea, have not had the oppor
tu n ity  of ob tain ing  knowledge of Economics, or even a 
superficial knowledge of this very necessary subject. 
T he au thor has supplied a long felt w ant. I t  should appeal not
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only to those who have already established them selves ashore, 
bu t to those asp iring  young engineers who hope eventually  to 
m ake their way in  the commercial world. H e unlocks the 
door to the  m ysteries of bim etalism , and places before us w hat 
is considered very dry m atter, in a simple and in teresting  way. 
The au thor runs through  various system s of B anking, Foreign  
Exchange, Trade and Credit, and shows the im portance of 
T rade U nions and th e ir m anagem ent as wrell as th e ir relation  
to the well-being of the country and trade in general. In d u s
tria l and Shop M anagem ent is dealt w ith most fully, and should 
appeal to all engineers. I t  is a book which can be h ighly  
recommended, especially to our members both ashore and afloat. 
— A .J.

P resented by the A uthor.— “  Successful S toking and Smoke 
A batem ent,”  by E rnest D ickinson, M .I.M ar.E ., A .In s t .P .I .  
Pp . 53. 18 illustra tions. 8J in. x 5 |  in. O btainable from the 
A uthor, “ C litheldor,”  Chevet Lane, Sandal, W akefield. P rice
2 /-.— An in teresting  and useful little  volume which can be read 
w ith  advantage by those other th an  the boiler a tten d an t for 
whom it has purposely been w ritten . The au thor has in mind 
the  enormous am ount of loss and dam age caused by smoke, due 
to conditions so ably set forth  in his book, and he proceeds to 
show how- they can be remedied. H e could w ith advantage 
have added another chapter for the a tten tion  of employers, and 
those responsible for the p lant. If  the fireman has to fight for 
steam  because of inferior coal and lack of adequate boiler power 
the inevitable resu lt, no tw ithstanding  his care, is smoke.

P resented by Mr. T. Scott W hyte (M em ber).— “ The F ailu re  
of M etals under In te rn a l and Prolonged S tress.” —R eport of a 
general discussion held jo in tly  by the F araday  Society, the 
In s titu tio n  of M echanical Engineers, the Iron and Steel In s t i
tu te , the In s titu te  of M etals, N orth -E ast Coast In s titu tio n  of 
Engineers and Shipbuilders, W est of Scotland Iron  and Steel 
In s titu te , and the In s titu tio n  of Engineers and Shipbuilders in 
Scotland on W ednesday, A pril 6th, 1921, in the hall of the 
In s titu tio n  of M echanical E ngineers.—Published by the 
F araday  Society, 10, Essex S treet, London, W .C .2.



Boiler Explosion Acts.

R e p o r t  N o . 2 ,9 2 3 .

R eport No. 2,923 deals w ith the explosion from  a w ater tube 
boiler a t Newport Iron  W orks. The investigation was con
ducted by M r. C. W . L. W ren, Board of Trade Surveyor, 
N orth Shields. The only one in ju red  was a forem an elec
tric ian , but fortunate ly  not seriously. The report is very full 
and contains m any in teresting points for consideration.

The boiler, known as No. 68, was of the S tirlin g  type, of 
steel, consisting of two lower water drum s, th ree steam and 
water drum s, and one steam drum , connected together by 
batches of tu b es ; it  was constructed for a working pressure of 
160 lbs. per square inch and was fired by gas from the blast 
furnaces, its to tal heating  surface being 3,230 square feet.

The lower water drums and the steam and water 
drum s were three feet in terna l d iam ete r; the shells 
of the form er were 11 ft. 2 ins. long, and of the la tte r
11 ft. 6 ins. long, and were each formed of two plates, the 
tube plate being 9 / 16th inch thick, and the other 7 /16 th  inch; 
the seams were lap jointed and double riveted, the p itch  of the 
rivets being 2 f inches, the rivet holes 13 / 16th inch in diam eter 
and the two rows being spaced 1 | inches apart. The ends of 
the drum s were formed of dished plates flanged and single 
riveted to the shell, the pitch of the rivets being 2 inches and 
the rivet holes 1 3 /16th inch diam eter; the end pierced for 
the manhole was f  inch thick, the other being 9 /16th inch in 
thickness. The solid drawn steel m ain tubes totalled 272, and 
were arranged in four banks of four rows each, w ith 17 tubes 
in each row. The tubes were 3 jin s .  in diam eter outside and 10
S.W.Gr. thick, except the front rows which were 9 S .W .G . 
th ic k ; cross tubes of the same size connected the lower water 
drum s and the steam and water drum s respectively, the total 
num ber of tubes being 350.

The shell of the steam drum  was 3 feet diam eter and 10 feet 
6 inches long and was formed of two plates each |  inch thick. 
The longitudinal seams were lap jointed and double riveted, 
the riveting  and thickness of the ends being sim ilar to those 
of the other drums. The steam drum  was connected to the 
centre steam and w ater drum  by two steel stand pipes 5 inches 
bore and 6 feet apart.

426
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The usual m ountings were fitted including a 2 \  inches dead
weight safety valve and a high steam and low w ater safety 
valve, both on the rear steam  and w ater drum .

Various tubes were renewed from tim e to tim e as required 
un til Jan u a ry , 1924, when P re lim in ary  In q u iry  No. 2658 was 
held concerning the blowing out of a tube from  one of the 
drums, which resulted in in ju ry  to an a tten d an t; since then 
various o ther tubes have been renewed. On the 21st M arch, 
1927, the following repairs were m a d e :— Tubes renewed, 16th 
and 17th tubes in  front row fourth  bank, 2nd, 3rd, 4th, 5th , 6th 
bottom row steam  tubes m iddle drum  to back drum , and 4th 
tube top row, m iddle drum  to back drum . A t th is tim e the 
rear lap jo in t of the back w ater drum  was caulked. The boiler 
was tested by hydraulic pressure to 240 lbs. per square inch 
on the 1st November, 1918, and 5th May, 1921.

The boiler has been regu larly  inspected by Inspectors to the 
N ational Boiler and General Insurance Company, L im ited , 
M anchester, the last in terna l and ex ternal exam ination having 
been made on the 16th December, 1926. I t  was fu rth e r 
exam ined by the forem an boilersm ith a t Newport Iron  W orks 
on the 21st M arch, 1927, twelve days prior to the explosion, 
when it was laid  off for cleaning and repairs.

The boiler was insured w ith the N ational Boiler and General 
Insurance Company, L td ., M anchester, f o r a  working pressure 
of 165 lbs. per square inch.

The shell of the rear bottom drum  failed at the back longi
tud inal seam and opened out, releasing the left end entirely  
and the r ig h t end partia lly . The contents escaped w ith great 
violence, and the boiler was lifted  from its seat, over a group 
of other boilers, and deposited on a vacant space 237ft. away, 
breaking the brick lined steel chim ney into three parts, dis
lodging the adjacent S tirling  boiler a distance of 2 ft., and 
dam aging the tubes.

A num ber of m ountings were severed from a Woodeson boiler 
on the left, branch steam and other pipes and numerous 
fittings were to rn  away, the gas m ain was pierced, and other 
dam age was done, necessitating the sh u ttin g  down of eleven 
boilers and the tem porary stoppage of the furnaces in  blast.



430 B O ILER  EXPLOSION  ACTS.

referred to were renewed on account of reduction in  thickness, 
and the back longitudinal seam of the bottom rear drum , which 
subsequently exploded, was caulked 011 the left side for about 
2 ft., owing to some dampness having been observed at th a t 
part.

The boiler worked w ithout any h itch  un til the 31st M arch, 
when the a ttendan t found, afte r blowing down the boiler, 
th a t he was unable to shut off the sludge valve on the front 
bottom drum , but was able to close the check cock which re
tained the w ater in  the b o ile r: he then pu t the boiler out of 
service by shu tting  off the gas and the m ain steam valve, easing 
the safety valve, and blowing down the boiler from the rear 
bottom drum  sludge valve, using the in jector to cool the boiler, 
so th a t it would be cool enough for the mechanics to repair the 
valve. Even with the gas shut off, a large am ount of heat is 
retained by the brickwork and it  was about three hours before 
the boiler was sufficiently cool to allow of repairs being 
effected. I t  was then found th a t a f in . bolt had become lodge'- 
under the sludge v a lv e ; the la tte r  was renewed and the boil^1' 
pu t into service again at about 4 p .m . the Same day.

An arrangem ent was in force whereby, when the quan t^y  
of steam generated by the boiler p lan t was in  excess of the 
requirem ents a t Newport W orks, any surplus could be pas?l;d 
over to the Cleveland and D urham  Power S tation, the suppiX 
being regulated by an autom atic device, afte r the connecting 
stop valve had been opened by the boiler p lan t a ttendan t. This 
arrangem ent was in  operation 011 2nd A pril u n til 12.10 p .m ., 
when, the steam pressure having fallen somewhat, the Pow *-1 
Station sh ift engineer shut off the steam, but la ter, flnd'-^g the 
steam pressure had risen to over 160 lbs. per s q u ^ e inch, re
sumed tak ing  surplus.

The men were leaving the W orks, when, at some 20 m inutes 
past noon on the 2nd A pril, w ithout any w arning, No. 68 
boiler exploded w ith exceptional violence, doing damage as 
previously stated. Johnson Richardson was leaving the 
Works by the usual route when portions of the wreckage struck 
him , in ju rin g  the upper part of his body; he was taken to the 
W orks’ am bulance station and, afte r trea tm ent, removed to 
hospital.

The two boiler a ttendants were standing together at the 
side of a battery  of other boilers, and were unin jured .

The explosion tem porarily  disorganised the works, as the 
h igh pressure steam m ain had been torn from its branch pipes
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to several o ther bo ilers; from the apertures thus formed, steam 
from the rem aining boilers escaped to the atm osphere, no iso
la tin g  valves being fitted. Steps were taken a t once to shut 
off the gas, which was escaping into the a ir from the dam aged 
gas m ain and was a source of danger to the m an shu tting  down 
the p lan t owing to its poisonous n a tu re ; th is necessitated 
opening the bells of the furnaces under blast, and subsequently 
shu tting  down the blowing engine.

The boilers a t the o ther end of the blast furnace p lan t were 
got under steam  as quickly as possible and two of the blast 
furnaces were by this means re-started at 5.35 p.m . the same 
day. As the furnaces were not prepared for standing, it was 
im portant to get them  going again w ith as little  delay as possible, 
because it becomes a m atter of some difficulty to re-start a 
furnace afte r a stoppage of any length  of tim e : the th ird  
furnace was re-started  a t 1  p.m . on the following day.

Oil M onday, 4th  A pril, I  visited the scene of the explosion 
and found the boiler ly ing on vacant ground w ith  the shell of 
the rear w ater drum  opened out, having torn  apart a t the 
inner row of rivets of the bottom  plate of the back longitud inal 
seam. The left end had been projected some distance aw ay; 
the drum  end was in tact and exhibited no sign of dam age at 
the rivet holes. The shell had been unw rapped from  it, show
ing th a t the releasing of th is end was secondary; the rivet holes 
in  the shell a t th is p a rt were sligh tly  cracked on the inner 
surface of the jo in t.

The other end was still attached to the tube plate, b u t the 
bottom shell p late had rup tu red  along the line of rivets of 
the circum ferential seam, the outer p a rt of the lap of the plate 
being still a ttached to the end. The shell p late  disclosed 
num erous cracks extending from, and between, the rivet holes, 
the la tte r  being elongated in  the direction of the axis of the 
d rum ; the extent of the old flaws found in the circum ferential 
seam, w hich all started  from th a t surface of the p late which 
was w ith in  the lap jo in t, varied from being through  the fu ll 
thickness of the p late , except 1  / 16th of an inch, to being half 
through the plate. The tearing  of this p late also appeared to 
be secondary to the  failure of the longitudinal seam.

The tube p late  was forced about one foot over the ends of 
some of the tubes, the la tte r  being also displaced and pro ject
ing into the steam  and w ater drum  above. The steam and 
w ater drum s were driven together and th e ir connecting tubes
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distorted and pulled out of p lace ; tlie dry steam  drum  was 
ly ing on the ground, having broken from its connections on 
the centre drum  previous to my visit.

In  addition to the steam  ranges, the feed and blow down pipe 
lines were all fractured, and portions of these were carried 
considerable distances by the force of the explosion. The 
brickwork base of the chim ney stack had been scattered, the 
site of the boiler and the public railw ay alongside the works 
being littered  w ith brickw ork; houses on the opposite side of 
the railw ay were also slightly  damaged.

The fractured longitudinal seam was examined and the 
flaws from the rivet holes which had been in  existence some 
considerable tim e were discovered. Of the part holes rem ain
ing  in  th is seam, tw enty disclosed cracks at the backs, away 
from  the line of fracture. Recent caulking was observed at 
one p a rt of the seam and a strip  of the shell 2 ft. 8 ins. long 
was consequently cut off and compared w ith th a t p art of the 
p late from which it had been to rn ; it was then seen th a t the 
flaws in  way of the rivet holes had extended u n til they were 
through the plate where the seam had been recently caulked. 
The rem ainder of the seam disclosed cracks between the rivet 
holes, which clearly radiated  from the holes and pierced the 
m etal in the rem ainder of the seam, vary ing  in depth from 
under to over half of the thickness of the plate.

The rup tured  shell p late showed little  sign of corrosion in 
terna lly  or externally , and allowing th a t most of the scale 
would have been dislodged by  the force of the explosion, was 
com paratively free from signs of adherent deposit. The th ick
ness of the bottom shell plate at the left end varied from 
15/32nds to 7 /16ths of an inch, along the fractured long
itud ina l seams, and at the rig h t circum ferential seams the 
thickness was 7 /16ths of an inch.

The boiler was being worked in  line w ith and at the same 
pressure as others in  the battery , and the m ain stop valve 
was found fu ll open afte r the explosion. Of the other boiler 
m ountings, the h igh  and low w ater alarm  float and lever in 
side the drum  were broken into a num ber of pieces, the outside 
lever being b e n t; the deadweight safety valve was some dis
tance away broken off a t the neck, bu t the valve and bridge 
piece were m issing and have not been found. The feed re
gu la ting  valve, which was open, was at the side of the works’ 
railw ay l in e ; the feed check valve was in place on the top of 
the  back steam drum . The in jector was at the side of one of
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the works’ railw ay lines, the steam stop valve on the steam drum  
and the regu la ting  valve being open and the w ater cock s h u t ; 
the w ater gauge fittings were attached to the back drum  on 
the left end, the handle of the top cock being in  the u p rig h t 
position, and th a t of the bottom cock in  the downward position 
and not fu lly  o p en ; the passages were found clear bu t consider
ably scaled u p ; the handles were easily movable and it  is quite 
possible th a t they  had moved when the boiler struck the ground. 
The pipes connecting the second w ater gauge to the centre 
drum  were found among other debris, together w ith the w ater 
gauge fittings, and were tried  w ith w ater and found c le a r ; the 
top steam cock was broken off the boiler and was found o p en ; 
there was no cock on the boiler for the pipe to the bottom  of 
the w ater g au g e ; the gauge fittings were clear and the handles 
of the cocks were easily movable.

The weights and case of the deadweight safety valve were 
weighed together w ith a valve and bridge piece from another 
boiler, from which the valve was estim ated to have been loaded 
to 179 lbs. per square inch ; as the bridge piece was a casting 
only p artly  m achined, it is possible th a t its  w eight differed 
from th a t of the actual valve. A fter the bent lever of the 
high steam  and low w ater safety valve had been straightened, 
the weights and leverages were checked o v e r; the p ilo t valve 
was found to be adjusted  to lif t  a t 160 lbs. per square inch, and 
the complete m ain valve to 175 lbs. per square in c h ; the dis
tance between the fulcrum  and the valve m ay have been 
sligh tly  increased when the lever was s tra ig h ten ed ; there were 
also several sm all parts m issing and weights were estim ated for 
these.

The chart from the autom atic recorder connected to the 
m ain steam pipe from these boilers registered the steam  pres
sure a t the tim e of the explosion as 173 lbs. per square in c h ; 
th is recorder was checked in  situ  against a Board of Trade 
duplex standard  gauge, and found to register 1 0  lbs. too h igh, 
th a t is to say th a t the pressure of 173 lbs. shown on the chart 
was equivalent to 163 lbs. registered by the Board of Trade 
gauge : the results are as follows : —

A new pressure gauge was compared w ith  the Board of Trade 
gauge and found accurate.

In  Cleveland and Durham 
Power Station.

At Recorder—
Recorder disconnected.

R ea d in g s  o f 
G au g es .

140 lb s . (New 
G auge)

150 lb s. (B .T . G auge) (show ing  
t h a t  th e  p re s su re  a t  th e  C . a n d  
D . p o w er S ta tio n  w as lO lbs. 
b e lo w  t h a t  a t  re c o rd e r d u e  to  
le n g th  o f p ip in g . & e., be tw een  
th e  tw o  p o in ts ) .
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R ec o rd in g  a p p a ra tu s  co n n ec ted .
In  Cleveland and Durham At

Power Station. Recorder. Boiler Gauges.
R ea d in g s  of 139 lb s. 150 lb s. (B .T . N o. 72. 150 lbs.

G au g es . G auge). N o . 73 . 150 lbs.
160 lb s. R e- N o . 74. 143 lb s. 

c o r d i n g  
a p p a ra tu s .

The foregoing showed th a t the recorder registered 11 pounds 
more th an  the pressure a t the Cleveland and D urham  Power 
Station and 10 pounds more than  shown by boiler gauges Nos. 
72 and 73; No. 72 gauge was checked and found to register 
one pound more than  the standard  gauge at 150 lbs. pressure.

To ascertain whether the surface of the shell p late a t the 
riveted jo in t had become hard , B rinell tests were made as 
u n d e r ; the results disclosed no hardening of the plate inside 
the j o in t : —

A.

Near fracture inside 
lap joint. 

Brinell hardness 
number.

Outside of shell .. 143

On plate adjoining 
seam.

B rinell hardness 
number.

143
Inside of shell .. 143 143

B. Outside of shell .. 143 143
Inside of shell .. 137 137

C. Outside of shell .. 140 134
Inside of shell .. 143 137

F u rth e r tests were made on the inside surfaces of the seams 
w ith a Shaw Schlerescope, which, on being checked w ith the 
standard  soft m ild steel bar, gave a “  hardness ”  num ber of 31; 
the lowest reading was 9, the highest 19, the average for all 
readings being 16; these tests supported those made w ith the 
B rinell instrum ent, showing no hardening of the surface of 
the plate w ithin the jo in t.

The cause of the explosion having definitely been established 
as due to old flaws which w’ere concealed w ithin the lap of the 
riveted jo in ts, the following observations m ay be made regard
ing th e ir origin : -—

Overheating due to scale or shortness of w ater .— The ex
ploded drum  and the boiler generally  were examined for signs 
of overheating. None were, however, discernible, and there 
was no discolouration of the p la te s ; the force of the explosion 
was such th a t a considerable body of water m ust have been in 
the boiler ju st p rior to its fa ilu re ; if the seam had been over
heated a t any previous tim e due to th ick  scale sufficient to 
have caused cracks in the m aterial, such cracks would have
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appeared a t the outside of the lap of the plate exposed to the 
hot gases; the cracks found were of a to tally  different nature 
from fire cracks.

Overpressure.— F or the boiler to have exploded from this 
cause it would have been necessary for both safety valves to 
have been inoperative, and the m ain stop valve closed. The 
la tte r was found full open, and the highest calculated load on 
the safety valve was quite insufficient to have caused the ex
plosion, and could not be considered a factor in the origin of 
the flaws in  the m aterial.

D efective m ateria l.—Various tests have been made regard 
ing the strength , ductility , and structure of the m ateria l of the 
fractured shell plate, which, in addition  to the usual tensile 
and bending tests, has been subjected to chemical and m icro
scopical exam ination. The chemical analysis showed the 
phosphorous content both of the fractured  shell plate and the 
tube plate , to be h igher th an  usual, bu t insufficient to have 
caused fa ilure , vide A ppendix I). The m echanical tests, the 
results of w hich will be found in  the Appendices, disclosed no
th in g  abnorm al. The microscopical exam ination showed the 
p late  to be lam inated, w ith numerous slag inclusions and a 
marked segregation of sulphur. I t  was also ascertained th a t 
the plate was rolled in the direction of the axis of the drum . 
Owing to the M otherwell W orks having been closed since .1908, 
the boiler makers are unable to state where the plate was 
obtained.

Stra in ing  of the longitudinal jo in t .—L ap jo in ts have been 
known to show signs of fatigue due to the tendency of the 
boiler, or drum , to assume a tru ly  circular shape under in ternal 
pressure, the boiler not being tru ly  circu lar by the thickness 
of the plate at the lap. The strains set up in such a case would 
be localised a t the th iner p late form ing the jo in t and would 
be most severe at the inner row of rivets in the th in n er plate 
of a double-riveted seam. In  the exploded drum  the cracking 
a t and between the rivet holes was found to be nearly  as ex
tensive in the rig h t circum ferential seam as in the longitudinal 
seam; consequently, fatigue due to the stra in ing  action at the 
lap jo in t could not have been the cause of the flaws found, 
a lthough it  would probably be a contributory cause in the 
case of the la tte r.

R egard ing  the circum stance th a t the rig h t circum ferential 
seam showed num erous cracks, whereas at the left seam only 
slight cracking was apparent, the r ig h t end was considerably
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th in n er th an  the left, which was pierced for the m anhole, and 
would necessarily deflect more under pressure. I t  is conse
quently  possible th a t g reater strains were set up at the rivet 
holes of the rig h t circum ferential seam than  a t those of the 
left.

Material strained during manufacture of the boiler.—A 
num ber of rin g  indentations were found on the inside of the 
drum  a t the longitudinal seam and also inside the flange of 
the left end, evidently caused by the snap head of the riveting 
m achine. They were 2ins. in diam eter externally , 5 /16ths of 
an inch in w idth and varied in depth from 1 0  to 20  thousandths 
of an in c h ; on the drum end pierced for the manhole the depth 
was l/1 6 tl i  of an inch.

The result of th is treatm ent would probably be some surface 
hardening of the p late at those points. As, however, the in 
dentations inside the drum  were on the outside of the inner 
plates of the seams, and the cracks which caused fa ilu re started 
from the inside of the seams, no connection can be found be
tween the la tte r and the indentations. Moreover, there were no 
sim ilar marks on the shell p late at the circum ferential seams.

M aterial worked at a blue heat during construction, or 
strained due to u nsk ilfu l repairs.— I t  is known that m aterial 
which is worked at a blue heat is apt to become b rittle . In  
m aking a lap jo in t it is necessary to set in  the p late to form 
the lap : the laps of the longitudinal seams of the drums are 
scarphed to take the ends and are frequently  drawn down in 
the fire. E ith er of the foregoing processes, if perform ed at 
a blue heat, would stress the m aterial and m ight cause crack
ing, and if done at a proper heat bu t not subsequently an
nealed, the plate would be left in a stressed condition.

The laps in this boiler were, however, bent to shape w ithout 
heat and it was ascertained on exam ination th a t the scarphs 
had been m achined.

There was no evidence at the fractured seams of unsatis
factory methods of repair.

Overpressure during rive ting .— D uring  hydraulic riveting 
operations it sometimes occurs th a t an excessive pressure is 
used. This m ay generally  be detected by the bulges at the 
edge of the plate in way of the rivets, and is more liable to 
occur in the th in n er plate when two plates of different th ick
ness are riveted together, the riveting  pressure being suitable
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for the th icker p late. The holes in  the th in n er p late are per
m anently  enlarged and if  the rivets are w ithdraw n they will 
be found to be “  shouldered.”

Along th a t row of rivets in the long itud inal seam adjacent 
to the fracture , two bulges a t the edge of the bottom  plate were 
observed; num erous rivets were w ithdraw n and some found 
“ shouldered,”  the holes in  the th in n er p late  being l/3 2 n d  of 
an inch larger than  in the o ther plate form ing the lap. Both 
the holes and rivets were carefully  exam ined in  each case. 
One of the rivets was found to have a very fine circum ferential 
crack under the head.

Of 12 rivets w ithdraw n from the long itud inal seam along 
the line of fracture , five were l/3 2 n d  of an inch larger in  the 
th in n er p late , the others showed no appreciable enlargem ent. 
Erom  the circum ferential seams six rivets were removed a t the 
lig h t end, of which four were found staggered l/3 2 n d  of an 
inch and two shouldered l /3 2 n d  of an  inch. Three of the 
foregoing were cracked circum f'erentially under the h ead s; of 
six rivets removed from  the left end, five were embossed under 
the heads w ith  sem i-circular m arks caused by indentation  of 
the p late by the snap head of the riveting  m achine before the 
rivets were p u t in : otherwise the rivets were fa ir  and none of 
the holes was distorted.

Generally, the rivets and holes- exam ined in the various 
seams gave no indication of an unusually  h igh  riveting  pres
sure having been used.

To ascertain  whether riveting  tem peratures and pressures 
had any effect 011 th is  p articu la r m ateria l, a piece of p late cut 
from the fractured  shell was riveted to another 9 / 16ths of an 
inch thick, the size of the holes and p itch  of rivets being 
sim ilar to those in the lap jo in t of the burst drum , and the 
m axim um  riveting  pressure available at the works being u se d ; 
this, however, only gave a load of 31 tons on the rivet. A fter 
a week the rivets were cut out and the holes exam ined. In  no 
case was there any enlargem ent of the holes nor sign of crack
ing.

Two pieces of plate were then cut from the fractured  seam in 
way of the rivet holes, a few inches apart, and etched by the 
special m ethod introduced for the  detection of strain  in  m ild 
steel, in  which copper chloride is u se d : the process produces 
surface m arkings which are evidence of deform ation of the 
m ateria l. One specimen showed evidence of overstrain : the 
other piece, the surface of which had been removed by m achin
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ing, disclosed no sign of distortion in  way of the hole. In  
neither case were the indications sufficient to support the 
theory of overpressure during riveting .

Subsequently, the makers were able to ascertain from th e ir 
late works’ m anager and chief forem an at the M otherwell 
W orks, details of the method employed in  the construction of 
this boiler. The drum  ends were pressed hot in  one operation. 
One of the plates for drum  barrels was marked from a standard 
tem plate and the plates then  drilled in batches, the p art form 
ing the outer half of the lap jo in t having all holes drilled, 
while th a t p a rt which would form the inside lap was only 
drilled at intervals of 2ft. for bolting up purposes. The edges 
of the plates were then planned and bevelled for caulking and 
the inside laps at the ends of the barrels scarphed by machine 
and not heated to take the ends. Before being rolled the 
plate in way of the longitudinal seam was pressed to the re
quired curvature in  a special hydraulic p ress : the ends and 
barrels having been assembled and bolted together, the holes 
were drilled in  p la c e : the drum s were then taken ap art and 
all sharp edges removed from the holes and the fry ing  sur
faces cleaned w ith a wire brush.

The longitud inal jo in ts were afterw ards riveted hydraulic- 
ally , the to tal riveting  pressure on each rivet varying from 
40 to 60 tons, according to thickness of plate and size of rivet. 
The blank ends were riveted by long stroke pneum atic ham m er 
and the ends, which were pierced for the manholes, were riveted 
hydraulically , the seams of the drum  being then  fullered but 
not caulked, and tested to the required pressure.

Caustic em brittlem ent.— In  the riveted seams of caustic 
evaporators subject to tension, the m etal has been observed to 
develop brittleness, and fractures have been found variously 
described as “ in ter-c ry sta llin e”  or “ in te rg ran u la r.”  ind icat
ing th a t failure has occurred principally  around the crystals or 
grains instead of across them , due to alkaline corrosion.

S im ilar cracking has been discovered under the w ater line 
in the jo in ts of steam  boilers in which caustic soda has been 
used hab itua lly  in  considerable quantities.

No surface hardness having been disclosed by the various 
tests, a portion of the shell p late at the circum ferential jo in t 
which had been attached to the rig h t drum  end was carefully 
removed for fu rth e r ex am ina tion ; when the surface of the jo in t
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was being cleansed, it was found th a t a pink “ sca le”  on the 
inside of the seam rap id ly  dissolved in  w ater, leaving tbe p late 
clean w ith patches revealing a very finely crystalline surface. 
In  consequence other seams of the exploded drum  were taken 
apart, and sufficient of the “ sca le”  recovered in  a powdered 
form for analysis. Erom  the report given in  A ppendix B it 
will be observed th a t sodium carbonate -068 grains and sodium 
sulphate '074 grains were found in  the first sample, and sodium 
carbonate 2-20 grains, common salt 7-33 grains and sodium 
sulphate 2-31 grains were found in the second sample. In  the 
first sample the equivalent caustic soda was -040 grains and in 
the second 1-27 g ra in s; the opinion was expressed, however, by 
the chemist who made the analysis, th a t the q u an tity  found 
was quite insufficient to have caused em brittlem ent.

F u rth e r investigations were made and it was ascertained 
tha t when the rivet holes of the tube plate of the exploded 
drum  were polished, numerous fine cracks were found s ta rtin g  
from the inside of the seam, both in the holes of the fractured  
longitud inal seam and in  the in tact long itud inal seam. Other 
fine cracks were also apparent in the rivet holes of the rig h t 
drum  end, also s ta rting  from the inner face of the jo in t.

In  the case of the th in n er shell plate, as the cracks were 
found to have started  on the inside of the longitud inal seam 
and also on the inside of the circum ferential seam, although 
those seams were on opposite sides of the plate, it appeared 
obvious th a t the cause of the fractures was to be sought w ith in  
the jo in t.

The following are particu lars of the results of inspection of 
seams in  the various S tirlin g  boiler in the b a t te ry : •—

No. 68 boiler.—Back bottom  drum . The other longi
tudinal seam to th a t which frac tu red ; th is jo in t was perfectly  
tig h t from  appearance and no feeler could be inserted. Two 
holes were trepanned between rivets, the cores and holes being 
exam ined w ith a m agnifying g la ss ; no cracks were visible. 
N ine rivets were removed from the seam ; seven holes showed 
cracks, two holes nothing. A ll cracks were in  the th in n er 
p late  and on the inside of the jo in t between the plates. Three 
more rivets were removed from th is seam ; one hole showed 
three cracks, another one crack, all in the th in n er p la te ; 
another, th ree cracks in both plates; all cracks were on the 
inside of the jo in t.

No. 68 boiler.— Back bottom drum . F rac tu red  longitudinal 
seam. Ten rivets were removed from th a t row next to line of
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fracture. No. of rivet hole: 1, 2, 3, 4, 5, 6 , 7, 8 , 9, 10; 
No. of cracks: 0, 1, 2, 2, 0, 3, 3, 3, 5, 6 (all in th in n er plate 
on inside of jo in t between plates).

Two sligh t bulges were observed in  way of Nos. 2 and 3 
rivets. R ivets were removed from 30 holes in this seam for 
removal of lap of plate in order to analyse the sedim ent be
tween the plates at the jo in t.

Outer row of rivets.— No. of rivet hole : 1, 2, 3, 4, 5, 6 , 7, 
8 , 9, 10, 11, 12, 13, 14, 15; No. of cracks: 2, 0, 1, 0, 1, 4, 3, 
8 , 3, 4, 4, 5, 3, 1, 1.

Inner row of rivets.— No. of rivet hole : 16, 17, 18, 19, 20, 
21, 22, 23, 24, 25, 26, 27, 28, 29, 30; No. of cracks: 0, 0, 0, 0, 
0 , 0 , 0 , 1 , 1 , 1 , 1, 1 , 2 , 2 , 1 .

The foregoing were found in  the 1ube plute or th icker plate 
form ing the seam, and were shown up afte r polishing the holes. 
Some of these cracks may be seen in F ig  1, A ppendix B. Cracks 
had previously been found in the th inner plate.

No. 68 boiler.— Back bottom  drum . Six rivets were removed 
from the rig h t circum ferential seam. No. of rivet hole: 1, 2, 
3, 4, 5, 6 ; No. of cracks: 1, 2, 2, 1, 2, 0. These cracks were 
in the drum  end, on the inside of the jo in t between the plates.

No. 68 boiler.— Back bottom drum . Six rivets were re
moved from the left circum ferential seam ; no cracks were 
visible in holes. In  th is end some rivet heads had been torn  
off in tension, others were sheared.

No. 68 boiler.—Back bottom drum . C ircum ferential seams; 
cracks in shell as fo llow s:— Left en d : Several cracks from 
rivet holes on the inside of the jo in t only. R ig h t end : 
T hinner bottom plate extensively cracked from and between 
rivet holes from inside of jo in t.

No. 68 boiler.—Top back drum . Twelve rivets were re
moved from the outer row; no crack was discovered. Top 
middle drum . Three rivets were removed from the top row 
front seam ; no cracks were found. Bottom front drum . Three 
rivets were removed from front seam bottom ro w ; one slight 
crack, not definite, was found. The seams of the foregoing 
drum s were exam ined in te rn a lly ; no feeler could be inserted.

No. 67 boiler, ad jo in ing  th a t which exploded.— Bottom back 
drum . E ig h t rivets were removed from the lower row, back 
seam, and three rivets from the circum ferential seam, left end.
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The seara was trepanned in  four places between rivets, cores 
and holes being exam ined w ith a m agnify ing  glass. F u rth e r 
rivets were removed in  th is seam m aking a to ta l of 17; in  no 
case were cracks found.

Top centre and two bottom  drum s. Three rivets were re
moved from  each drum , no cracks being observed. The jo in ts 
were close in all drum s in terna lly  and no feeler could be 
in serted ; the drum s were practically  free from  scale.

N o. 66 boiler.— Centre top and two bottom drum s. Three 
rivets were removed from a long itud inal seam of each drum . 
No cracks were observed.

No. 65 boiler.— Centre top and two bottom  drum s. Three 
rivets were removed from a long itud inal seam of each drum . 
F ron t bottom drum  and back bottom drum . One slight crack, 
not definite, was observed in  one hole in  each drum . A ll the 
drum s from which rivets had been removed were exam ined 
in terna lly  and found practically  free from scale at the seams 
and on the plates, and no feeler could be inserted in jo in ts. 
Nos. 65, 66 and 67 boilers were all about two years older th an  
No. 6 8 .

To discover w hether the p late w ith in  the seam had altered 
its nature compared w ith o ther parts of the  shell, two pieces 
of plate were cut side by side, one ju st inside the long itud inal 
jo in t, the o ther ju s t outside, and tested in an Izod m achine, the 
results being as follows : —

Foot pounds Appearance
P la te  Al. Position. absorbed. of F ractu re .

Inside jo in t 65 Silky.
Outside jo in t 62 Silky.

Three fu rth e r pieces were cut, two side by side, one ju st
inside the circum ferential jo in t, the other ju s t outside, and 
the  th ird  piece in  a corresponding position, bu t on the outer 
side of the rivet holes.

Foot pounds Appearance
Position. absorbed. of Fracture.

Inside jo in t, on outer side of holes 20 F ine ly  crystalline. 
Inside jo in t, on inner side of holes 13 F ine ly  crystalline. 
Outside jo in t ... ... ... 53 Silky.

Plate A . Two pieces were cut side by side, one ju st inside 
the circum ferential jo in t, the other ju st outside.

Foot pounds Appearance
Position. absorbed. of Fracture.

Inside jo in t ... ... ... 1 8 | F inely  crystaline. 
Outside jo in t ... ... ... 43^ Silky.
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Specimens cut from positions sim ilar to tlie first five of the 
foregoing were bent and flattened upon themselves w ith  only 
slight cracking on the outside of the bend. A ll the test pieces 
were from pre-existing cracks.

Conclusions.— To recapitu late the possible causes of failure 
of the boiler, overheating, overpressure of steam, overpressure 
during  riveting , or working at a blue heat, m ay for the reasons 
given under those headings be definitely dismissed.

W hile the phosphorous content in  the fractured plate was 
h igher th an  usual and there was considerable lam ination, the 
m aterial passed the usual m echanical tests and the failure 
cannot be a ttribu ted  directly to these factors.

P a rticu la r atten tion  is directed to the position of the cracks 
in the riveted seams : —

(a) In  the th in n er shell p late they  started  from the inside of 
the longitud inal jo in t and also on the inside of the circum 
ferential seam, although these seams were on opposite sides of 
the plate.

(b) Cracks were also found in the tube plate s ta rtin g  from 
the inside  of the seam, i.e ., a t the junction  of th is plate to the 
fractured  shell plate. These are quite clearly shown in E ig. 1, 
A ppendix B.

(c) Cracks were also observed in  the drum  end on the rig h t, 
which developed from the inside  of the circum ferential seam.

(d ) Cracks were apparen t in both plates at the longitudinal 
seam which teas not fractured, in  each case s ta rting  from the 
inside of the seam.

(e) Cracks were discovered under the heads of some rivets 
in the circum ferential seam a t the r ig h t end and in the longi
tud inal seam.

I t  will be apparent from the foregoing th a t fa tigue due to 
stra in ing  at the longitudinal lap jo in t could not have been the 
direct cause of the failu re . F requent caulking throughout the 
life of the boiler would, however, tend to open up existing 
cracks at the rivet holes, or actually  to cause them  by forcing 
the plates apart, if the surface of the m etal w ithin the joints 
had become brittle . The last Izod tests referred to, w hich were 
taken from  plates actually  form ing the lap jo in ts, proved the 
steel to be notch-brittle in places and to differ from the tests 
taken from  the plate outside the jo in t.

R egard ing  caustic em brittlem ent, the theory has been ad
vanced th a t caustic alkalin ity  would require to be about



B O IL E R  EX PLO SIO N  ACTS. 443

tw enty  times the concentration present in  a norm al boiler to 
cause in tercrystalline or in te rg ran u la r fractures, and th a t, to 
reach such concentration, evaporation probably takes place 
locally in  seams and around rivets, the w ater being blown out 
as steam through m inute leaks.

The fact th a t the fractured  shell plate was lam inated  and 
had numerous slag inclusions would possibly account for th a t 
p late being more subject to alkaline attack, bu t the tube plate 
and l ig h t drum  end, of a different thickness to the fractured  
shell p late  and probably rolled from a different ingot, were also 
affected altnough to a m uch less extent. A chemical analysis 
of both shell plates is given in A ppendix D. The rig h t cir
cum ferential seam was heavily caulked on the outside, leaving 
a considerable hollow between the plates, which was found 
filled w ith  the pink deposit or scale. There is no doubt th a t 
soda, in  its various forms, obtained access to the inside of the 
seam, as the analysis disclosed its presence both  in  th is and in  
the longitud inal jo in t. On the o ther hand , the in tac t longi
tud ina l seam of the back bottom  drum  was exam ined for soda 
w ith no tangible result, vide  Appendix C, although cracks were 
apparen t in  a num ber of rivet holes.

The investigations recorded in  A ppendix D disclose th a t the 
fractures in  parts of the seams were in tercrystalline , and 
sim ilar in  character and occurrence to those found in  steel 
which has been subjected to the combined action of concen
trated  caustic alkalis and com paratively h igh  stresses. From  
th e evidence, however, there is no proof of undue concentration 
of caustic alkalis e ither in  the seams or in  the treated  feed 
water.

No. 68 boiler which exploded was the farthest away from  
the w ater softener and the feed pumps, and would consequently 
receive its feed last of the b a t te ry ; the m ain feed pipe however 
did not end a t No. 68 boiler bu t continued tow ards another 
group.

I t  appears, therefore, somewhat difficult to understand why 
No. 68 boiler, w hich was the youngest of the ba tte ry  and had 
apparen tly  been subjected to sim ilar trea tm ent to the  other 
three, should be attacked by soda, always supposing th a t any 
soda introduced a t the softening p lan t was sufficient to cause 
em brittlem ent and fu rth er, th a t  the o ther drum s of the ex
ploded boiler, where rivets had been removed, disclosed no de
finite sign of cracking, although the same w ater would be 
c ircu lating  th roughout the boiler.
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W hile therefore the cracks found in the various plates 
form ing the drum  cannot be definitely attribu ted  to any partic 
u lar circum stance, it is probable th a t they orig inated  from  a 
com bination of some of the causes investigated.

At the inspection of the boiler in  December, 1926, it  is quite 
possible th a t the flaws although nearly  through the m ateria l in 
places, had not appeared through the water side of the plate, 
and th a t when dampness at the longitudinal seam was observed 
on 21st M arch, necessitating caulking, some penetration had 
occurred lo ca lly ; fu rther extension of the cracks would un 
doubtedly be caused when the boiler was cooled down a few 
days prior to the explosion and steam was raised again w ith in  
a few hours. A suitable hydraulic tes t would have disclosed 
the weakness of the drum , bu t there appeared to be no reason 
to subject the boiler to such a test having regard  to its age 
compared to others in the battery . I t  is satisfactory to note 
tha t the owners have decided to scrap the other three boilers in 
the battery .

The greatest assistance lias been rendered by the staff of 
Messrs. Dorm an Long and Co., during  the inquiry .

Observations of Mr. 4 .  E . Laslett, E ngineer Surveyor-in-C liief,

The explosion of the water drum  of a w ater tube boiler, dealt 
with in this report, m ust be regarded as a very serious and 
s ta rtling  occurrence. The p lan t had been under the super
vision of a well qualified staff and th is boiler, as all the other 
un its in the steam plan t, had been regularly  inspected by the 
experienced Surveyors of an Insurance Company. And yet the 
drum  shell rup tured  longitudinally  from end to end and on 
exam ination was found to have been in  a seriously weakened 
condition, probably for some tim e. The defects had been on 
inner surfaces of the lap jo in t and therefor invisible under 
ordinary  inspection, and there had been bu t the slightest in d i
cation of any defect p rio r to the explosion.

The very thorough inquiry  held has revealed no cause for the 
cracks in the plate and its consequent failure under ordinary  
working conditions which can be accepted as conclusive, 
though various theories have been advanced and discussed in 
the report. F or each theory there are certain argum ents which 
ju stify  its existence and, since the holding of the prelim inary  
inquiry , those requ iring  special scientific knowledge have been 
subm itted to the investigation of some of the best known ex-
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perts, chemists, m etallurgists or engineers. N othing definite 
has been arrived a t from these investigations, and the cause of 
the explosion still rem ains a m atter of doubt.

I t  was suggested th a t the m ateria l of the  drum  shell was 
itself defective in quality , bu t analysis and microscopic exam 
ination, though showing th a t the plate was not of the highest 
quality , did not ju s tify  the opinion th a t fa ilure was due to any 
fau lt in  the steel, nor did it suggest any reason why the cracks 
found to exist started  in nearly  all cases from the inside sur
faces of the jo in t and did not often penetrate to the fu ll th ick 
ness of the plate. The physical tests showed the p late  to have 
the qualities suitable for boiler m aking purposes to a satis
factory degree.

The suggestion th a t the m ateria l had been dam aged by over 
pressure on the rivets during  construction was not supported by 
the evidence, and there was no sign of fa tigue of the m aterial 
or of grooving due to the drum  not being of tru ly  circular form 
in  the v icin ity  of the lap jo in t.

E m brittlem ent of the steel, by the action of caustic soda on 
the m ateria l while under stress, was suggested as a possible 
cause of cracking by the discovery of a deposit which had been 
enclosed between the adjacent surfaces of the jo in t, the plates 
themselves not having been fitted very closely together in  th is 
joint,. This cause of fa ilure of steel plates has been investi
gated and accepted as probable in Am erica, as accounting for 
the frac tu rin g  of m any boiler plates. In  th is country i t  has 
been received w ith some reserve, as sim ilar failures have oc
curred when the presence of caustic soda could not be proved 
and in  some cases where it  certain ly  was not present.

In  the case now dealt w ith, analysis proved the presence of 
sm all quantities of caustic soda, or a t least of its  equivalent in  
o ther forms, bu t expert chemists and boiler experts, who have 
been investigating  th is theory in  th is country for some tim e 
and who have been consulted in  this case, are strongly of 
opinion th a t the q u an tity  of caustic soda found in  the jo in t 
and the degree of concentration could not have affected the 
structu re  of the m ateria l, a t any ra te  to the extent to w hich 
it  had been affected, if  a t all.

The opinion of such authorities m ust carry g reat w eight and 
if  it  does not absolutely ru le  out th is theory of em brittlem ent, 
it  certain ly  removes it  into the region of mere conjecture. W e
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are therefore left in  a state of uncertain ty  as to the cause of 
th is very serious explosion, which, had it  happened during 
working hours, m ight have had most disastrous results as re
gards loss of life. Aud one is driven to wonder how many 
boiler drum s or other vessels under steam pressure m ay be in a 
sim ilar state, and yet not g iving any direct indication of th e ir 
condition. I t  would certain ly  be prudent on the p art of those 
responsible for th e ir supervision to watch for the slightest in 
dication of any th ing  abnorm al and to investigate carefully the 
cause of such appearances when found.

Two incidents in  the history of this boiler suggest some 
comment. In  describing the method followed in  cooling the 
boiler when laid  off for repairs on 31st M arch, i t  is stated th a t 
the a ttendan t used the injector, apparently  forcing the cool 
feed water into the upper back steam and w ater drum  from 
which it  would pass down into the lower back drum  (which 
afterw ards exploded). Such drastic treatm ent of a boiler is, 
it  is hoped, u n u su a l; i t  is likely to cause trouble and m ay have 
accelerated the failure of the drum  in th is case as the lower 
and th in n er shell plate would be cooled m uch quicker th an  the 
th icker tube p late and consequently be subjected to stress at the 
jo in t.

I t  is also stated  in the report th a t, a t the exam ination of this 
boiler on the 21st M arch, it  was found necessary to  caulk the 
rear lap jo in t of the back w ater drum  as there were signs of 
leakage and it is la ter stated  th a t, a fte r the explosion, it  was 
found th a t where this caulking had been done, the flaws in way 
of the rivet holes had extended through the plate, suggesting  
th a t the leakage seen a t the inspection was due to  the g reater 
development of the cracks at th a t part. I t  is, of course, easy 
to  be wise afte r the event, b u t these facts do certainly point to 
the need for vigilance on the p art of boiler inspectors and others 
in charge of steam  plants, who would, in view of this case and 
of others in which such indications have coincided w ith sim ilar 
defects, be justified in calling special a tten tion  to the circum 
stances and in requiring  the removal of rivets for exam ination 
of the holes. If , on inquiry, it is found th a t caustic soda is 
used in the boiler for any purpose, this should, I  th ink, be taken 
as an additional reason for special caution.

An additional and inexpensive safeguard would, of course, 
be an hydraulic test to at least 1 A times the w orking pressure.
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3rd June, 1927.
R esults of Chemical Analyses of two pieces of Steel Boiler 

P la te  received from M essrs. Dorm an Long and Co., L td ., 
M iddlesbrough:—

T est No.
J J J J J J
1750. 1751.

P la te  A. P la te  A l.
P er cent. P er cent.

Carbon by combustion . .. 0-113 0-125
Silicon .. 0-015 0-014
Sulphur .. 0-047 0-047
Phosphorus .. 0-064 0-063
M anganese .. 0-488 0-507
Copper .. 0-037 0-033
N itrogen ... .. 0-0039

28th February , 1928.
R eport upon two pieces of Steel P la te  received from Messrs. 

D orm an Long and Co., M iddlesbrough.
The pieces were stated  to be from opposite ends of the same 

plate.
J J J  1750.—Piece m arked A, 18$ by 16 inches by 7 /16ths 

inch th ick . One edge was p a rt of a circum ferential jo in t frac
tu red  through  the rivet holes, which were of 13 / 16ths inch 
diam eter and two inches p i tc h ; the o ther edges had been cut 
by a blowpipe, except for a leng th  of four inches on one longi
tud inal edge which had been sawn. The piece was no t flat and 
on the concave face there were a num ber of cracks near the 
fractu red  edge, most of them  o rig inating  a t th e  rivet holes.

J J J  1751.— Piece m arked A l, 17 by 21^ inches by 7 /16 ths 
inch th ick . One edge was part of a circum ferential jo in t which 
was cracked in  places b u t not completely frac tu re d ; the rivet 
holes were of 13 /1 6ths inch diam eter and 2 inches p itch . An 
adjacent edge was p art of a longitudinal jo in t fractured  through 
the rivet holes, which were of 13/ 16ths inch diam eter and 2 f  
inches p itch . The other two edges had been cut by a blowpipe, 
except for a leng th  of four inches on each which had been 
sawn. The piece was not f la t ; the cracks in the region of the 
circum ferentia l jo in t were on the concave face, and those near 
the fractured edge of the longitud inal jo in t were on the convex 
face.
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These two pieces of plate and the positions of the various 
test pieces which were cut from them , are shown in P la te  3, 
and the results of the m echanical tests are given in our report of 
31st May, 1927. Those results were so closely sim ilar for the 
two pieces of p late th a t only one analysis was considered neces
sary ; for this purpose equal parts of chips from A and A1 were 
taken. The results were given in our report of 3rd June, 1927.

Visual and microscopical exam ination of the p late yielded the 
following in fo rm ation :—

The longitudinal riveted jo in t is parallel to the longitudinal 
direction of the plate. This is contrary  to ordinary boiler prac
tice, bu t may be usual in drums of w ater tube boilers on account 
of their dimensions.

The rivet holes were drilled.
The m aterial is mild steel, of ordinary quality  except as 

regards the yield point which is unusually  h igh  for this class 
of m aterial. There is no notable segregation, and only an 
ordinary degree of lam ination ; one ra ther large lam inar defect 
was observed a t about m id-thickness of the plate in the  neigh
bourhood of the fractured  longitudinal joint.

No extensive signs of plastic deform ation of the m etal were 
detected in the regions of the riveted joints and it is inferred 
th a t the  h igh  yield point was a characteristic of the m aterial 
before i t  was put into use.

In  addition to the readily observable cracks a t the edges of 
the rivet-holes and between the holes, there were num erous fine 
cracks in the same regions w hich were revealed when the skin 
was ju s t removed. The finer cracks were alm ost entirely  in ter- 
granular, F igs. 1 and 2, and the coarser cracks had num erous 
fine branches which were also in terg ranu lar, F igs. 3 and 4. A t 
a few positions along some of the la rg e r cracks there were signs 
of distortion of the m etal.

Most of the fine cracks were filled w ith oxide. The larger 
cracks were bordered w ith oxide, bu t they were not filled ; m any 
of these larger cracks appeared to have been wrenched open, 
no doubt as a resu lt of the explosion, and as a fu rther resu lt 
it  is likely  th a t an oxide filling of such a crack would be in a 
g reat degree detached. W e are of opinion th a t the cracks have 
developed slowly during  a considerable tim e.

The faces which showed cracks were all inner faces of jo in ts, 
though  they  were opposite faces of the plate for longitud inal 
and circum ferential jo in ts. The unbroken circum ferential
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jo in t showed evidence of m uch w o rk in g ; the holes which were 
nearly circular on the outer face of the jo in t, were elongated 
J  inch in a longitud inal direction on the inner face of the jo in t. 
There was evidence of a good deal of caulking along all the 
jo in t edges and around the rivet heads of the  circum ferential 
joints.

W e understand th a t the in terna l diam eter of the drum  was 
36 inches and th a t the boiler pressure was 165 lbs. per square 
inch. The average w orking stresses in the plate, calculated in 
the ordinary m anner, were therefore 9,800 lbs. per square inch 
a t  the longitudinal jo in t, and 5,800 lbs. per square inch a t the 
circum ferential jo in t. There is no apparent m etallurgical 
reason for the failure of the long itud inal jo in t, except th a t we 
should regard  the p late as being cut in the wrong direction, b u t 
th is only makes more rem arkable the sim ultaneous failure of 
the  circum ferential joint, a t which the  stress was so much less. 
W e are of opinion th a t the above stresses are not likely  by 
them selves to have caused failure of the plate.

D a v i d  K i r k a l d y  & Sox.

— ---------------o — — -

Election of M embers .

L ist of those elected at Council M eeting held on Monday, 
Ju ly  8 th , 1929

Members.

R obert Adamson B axter, M illdens, G raham  S treet, M ontrose, 
Scotland.

Andrew Thomson Bowden, U niversity  of W estern  A ustra lia, 
P erth , W estern  A ustralia.

F rancis S tu art Savours David, H arbour E ng ineers’ D ept., 
Colombo, Ceylon.

John  Joseph Giblin, Poin t Road, D undalk, Ire land .
Thomas Laws M ackie, 90, South View W est, Newcastle-on- 

Tyne.
H enry  Giles M artin , 44, Beach Avenue, W hitley  Bay, N orthd. 
John  Stiles M artin , cjo  T. W . Greenwell & Co., L td ., South 

Dock, Sunderland.
John  M itchell, E n g .-L t., R .N ., re t., 31, Broomhill Road, 

Goodmayes, Essex.



E ric George Davis, 121, Clonmore S treet, Southfields, S .W .18.
Jam es Roberts Henderson, Dunvale, Maxwelltown, D um fries, 

Scotland.
Norman John Gillespie MacKay, cto  Cooper, Allen & Co., 

Cawnpore, India.
Companion.

R obert A rthur H ornell, Rear-A dm iral, D .S.O ., re t., W ellington 
House, S trand, W .C .2.

Associate-31 embers.

W illiam  H unter B arr, 51, Lom e S treet, L eith , Scotland.
Carl Jacob Lam b, W estingliouse Elec. & Mfg. Co., South 

Philadelphia W orks, Lester, Pa.
W indsor M artin, Hoel Las, L lansam let, Swansea, Glam.

Associate.

Allan H ubert Abraham , 163, Queens Road, Buckliurst H ill, 
Essex.

Andrew Cecil Kennedy, 10, W aterloo Road, H akin , Milford 
Haven.

Graduates.

Albert Berry, 23, The Oval, F ir th  P ark , Sheffield.
George A lbert W estlake, 26, K ing S treet, Pelaw-on-Tyne.

Transferred from  Associate M ember to Member.

S. B. Jackson, 9, Maldon Road, Acton, W .3.
K enneth Carlisle Lawson, 45, Lincoln S treet, Barrow-in- 

Furness.
Thomas Charles Tippin, 54, Linden Road, G illingham , Kent.

Transferred from  Associate' to Associate Member.

Thomas D urant Shilston, E ast View, Stockton Road, W est 
Hartlepool.

Transferred from  Graduate to Associate-Member.

Leonard A. N ightingale, 17, Springfield Road, Thornton 
H eath .

450 ELECTION OF M EM BERS.



Board  of T r a d e  E xam ina t ions .
List of Candidates who are reported as having passed examina

tion for certificates of competency as Sea-Going Engineers under 
the provisions of the M erchant Shipping Acts.

For week ended 8th June, 1929:

NAME.
E v a n s ,  W i l l i a m  V .
N ic o l ,  E d m u n d  
K a r n e s ,  G e o rg e  W .
A tk in ,  G e o rg e  E .  ...
C o w ie , J o h n ................
H a r r i s o n ,  R o n a ld  T . 
M a r k s ,  G e o rg e  R . ... 
M a r t i n ,  R e g in a ld  ... 
M c C a llu m , D a v id  ... 
P a t t i n s o n ,  J a m e s  ... 
S h a r p e ,  F r e d e r i c k  A . 
E l l i s ,  M a th e w  J .  ... 
R e n n ie ,  W i l l i a m  
W i l l i a m s ,  H a r o ld  L . 
W h i te h e a d ,  F r a n c i s  A . A  
M ow  f o r t h ,  N o r m a n  C . 
P e a r s o n ,  S id n e y  
W o o d m a n s e y ,  W i l l i a m  I  
B a n n i n g  A r t lh u r  
B e l l ,  G e o rg e  E .
C oy , N o r m a n  
D u n c a n ,  A r t lh u r  B . C. 
M il le r ,  W i l l i a m  M . 
P h i l l i p s ,  Jo ih n  B . ... 
C la r e ,  C lif fo rd  C . ... 
D a l r y m p le ,  H o r a c e  T . 
S t r a t t o n ,  T h o m a s  ...
D e  L a  M a r e ,  H a r r y  W . 
G o ld e r ,  Jo ih n  S.
M i l le r ,  W i l l i a m  
A lle n ,  A l b e r t  F .
F o r s t e r ,  W i l l i a m  R . 
S la s s o r ,  R o b e r t  
F la w s ,  L a u r e n c e  J .  
S h o u t ,  A lf r e d  
H a g a n ,  J o h n  L . 
S a n d e r s o n ,  J o h n  
T a y lo r ,  E d w a r d  C. 
P a l l e t t ,  W i l l i a m  S. 
R o w n tre e ,  Jo ih n  
C ow e, H e n r y  A .
D a le s ,  A lb e r t  
D o d d s , G o rd o n ,  A . F .  
H e r d m a n ,  R e g in a ld  
H i r d ,  J o h n  W .
P e r c y ,  R e g in a ld  H . 
S to c k d a le ,  W i l l i a m  K .

W.

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

I .C .M .
I . C .

I . e .
I . e .
i.e.
1.e.
2.C. 
2.C. 
2.C. 
2.C. 
2.C. 
2.C. 
2.C. 
l .C . 
l.C . 
l .C . 
l .C .  
l .C .  
l .C .
i . e .

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

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

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

For week ended 15th June, 1929: —

E n n e ls ,  L o u is  J .  
J o n e s ,  T h o m a s  R . 
B r y a n ,  E r n e s t  V . 
S m i th ,  R o b e r t  B .

A .

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

PORT OF EXAMINATION. 
G la sg o w

L o n d o n
L iv e rp o o l

D u b lin
H u ll

G la sg o w

L o n d o n
»>

N o r t h  S h ie ld s  

S u n d e r la n d

L o n d o n

4 5 1
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NAME. GRADE. PORT OF EXAMINATION
B u l l ,  F r e d e r i c k  G . ................ l .C .M .E . C a rd if f
L a w r e n c e ,  F r e d e r i c k  S ..................... l .C .M .E .
L a s h f o r d ,  B e r n a r d  F ........................ i.e. ,,
R o g e r s ,  J o h n  L . C . ................ i.e. ,,
A n g u s ,  S tu a . r t  P ................................... 2 .C . „
B e a r d ,  D a v id  N .................................... 2 .C . »>
G a s k in ,  F r e d e r i c k  E ......................... 2 .C .
C o o k , J o h n  D . .............................. i.e. G la sg o w
G a s k i l l ,  R o b e r t  G . ................ i.e. ,,
M c M illa n ,  G e o rg e  B ........................... i.e. ,,
S to r r y ,  R e g in a ld  ............................. i.e. ,,
W a t s o n ,  A r c h ib a ld  C . B . i.e. ft
B a r b o u r ,  R o b e r t  H . ................ 2 .C . »»
M a c L a d h la n ,  A le x a n d e r 2.C . »»
H a i r ,  D a v i d ...........................................
R e id ,  A le x a n d e r  S. ................

l .C .M .E . »>
l.C .M .

L e i thD ic k s o n ,  J a m e s o n .............................. 2 .C .
Y o u n g ,  Jo 'h  n  S ....................................... 2.C .

L iv e rp o o lH a r t l e y ,  A r t h u r  P .  ................ i.e.
M o r t ,  J o h n  ........................................... 2.C. ,,
D a w s o n , K e n n e th  C . ................ l .C .M . ,,
C la y to n ,  H a r o ld  R . ................ i.e. L o n d o n
C o o k , H o r a c e  C ..................................... i.e.
R o b e r ts o n ,  W i l l i a m  H . H . i.e.
W a s h in g to n ,  F r a n k  ................ i.e.
E a s t ,  A r t h u r  S ....................................... 2.C.
H in e ,  P e r c iv a l  H .  ................ 2.C.

N o r t h  S h ie ld sW ilk in s o n ,  J o s e p h  ................ 2.C.
B e r l in ,  J o h n  H ...................................... 2 .C .M .

S o u th a m p to nJ o h n s to n ,  J a m e s  B . ................ i.e.
C o le , A l f r e d ........................................... 2 .C .M .
R a w lin s o n ,  A lb e r t  ................ l .C .M .E . »

F o r  week ended 22nd June,

G ib s o n . A lf r e d  T .................................

1929 :—

l .C .M .E . L o n d o n
V e lla ,  J o s e p h  .............................
D a v is ,  E r i c  G . ..............................

l .C .M .E .
i.e. »>

G odsiff, R a l p h  .............................. i.e. »>
D a y , R e g in a ld  S ................................... 2.C. »>
F lo r y ,  J o h n  H .  G ............................... 2.C. »»
F e r r i e r ,  A r c h ib a ld  ................ 2.C . »»
M c K e n z ie ,  H u g h  A . S ...................... 2.C. »*
N ic o l l ,  G e o rg e  .............................. i.e. G la sg o w
B la k e le y ,  G e o rg e  F .  ................ 2.C.
C ra d o c k ,  W i l l i a m  E ........................... 2.C.
M c I n ty r e ,  D o n a ld  ................ 2 .C .
M c L e a n , D a n ie l  ............................. 2.C.

L iv e rp o o l•C o tto n , H a r o ld  ................ i.e.
H a l l ,  D o n a ld  B . ........................... 2.C.
H a r r i s o n ,  W i l l i a m  N ........................ 2.C.
M a c K a y , C oldn  H ................................. 2.C.
A p p le to n ,  R o n a l d ............................. 2 .C .M . • i
S c a r i s b r ic k ,  C h a r le s  W . l .C .E . »»
K e y w o r th ,  E g e r to n . L ........................ 1 .C .M .E . »»
B o d e , S ta n le y  .............................. 2 .C .M .E .

N o r t h  S h ie ld sE d m o n d s o n ,  E r n e s t  ................. l .C .M .E
M a r s h ,  A n d re w  .............................. 2.C .
W h i t t l e ,  D u d le y  F .  ................ 2.C.
F a r r e l l ,  D a v id  D ................................... l .C .M .
L i t t l e r ,  J o h n  J ...................................... l .C .M . l>
C h a m b e r s ,  J d h n  H . ................ 2 .C .M . tf
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For w eek ended 22nd Jun e , 1929—continued.

NAME. GRADE. PORT o f  EXAM INATI
A lto n ,  W i l l i a m  A . ................ l .C . S u n d e r l a n d
M c M a s te r ,  H e r b e r t  ................ l .C . »>
K e l le h e r ,  E d w a r d  H .......................... 2 .C . 1)
R ic h a r d s o n ,  H e n r y  D ..................... 2.C.
S in g le to n ,  D o n a ld  H .......................... 2.C. »*
A ll in s o n ,  G e o rg e  P . ............... l .C .M .E .
K in g ,  C h a r le s  A .................................... l .C .M .E . »>
R e e d , G e o rg e  T ...................................... l .C .M .E . >>

For week ended 29th June, 19 29 :—

F o r r e s t e r ,  W i l l i a m  ................ l .C .M .E . G la sg o w
S m a r t ,  W i l l i a m  E .  ................ l .C .M .E . N o r t h  S h ie ld s
H u m b le ,  Jo lh n  G . R ........................... l .C .M .E . „
H a r v e y ,  J o h n  .............................. l .C . ,,
B u t c h a r t ,  K o b e r t .............................. 2.C. ,,
F r o s t ,  W a l t e r  S .................................... 2.C. B e l fa s t
R u s s e l l ,  W i l l i a m  L . ................ l.C .M . ,,
A lle n ,  R o b e r t  B ..................................... 2 .C .M . ,,
B ey  n o n , A u b re y  .............................. l.C . C a rd if f
H e n d e r s o n ,  F r e d e r i c k  M . 1 C.
W id e ,  E r n e s t  R ..................................... i . e .
E w e r ,  P e rc y  S ........................................ l .C .M .E . „
K e e r ,  F r e d e r i c k  K . ................ l.C .M .E . ,,
E d w a r d s ,  T h o m a s  J . 2 C. ,,
K i l p a t r i c k ,  C h a r le s  ................ 2.C . G la sg o w
K in n e y ,  J o h n  .............................. 2.C. >»
M c D o n a ld ,  W a l t e r  B ......................... 2.C. >»
M c M il la n ,  A r c h ib a ld  H . 2.C.
W a t s o n ,  D a v id  G ................................. 2.C. »>
D u n c a n ,  A r t h u r  B . C ........................ l .C .M .E . »>
H o u s to n ,  R o b e r t  .............................. l .C .E . »>
C u r r i e ,  C h a r le s  S . ................. i . e . »»
M c L e a n , I a n  C ....................................... l .C . »>
M il le r ,  T h o m a s  .............................. 2 .C .M . *>
P o t t s ,  R o b e r t  C . D . ................ l .C . L e i th
B r a n d ,  R o b e r t  M ................................. 2.C. ,,
B ro w n . A le x a n d e r  M c l .................... 2.C. »*
D a v id s o n ,  C h a r le s  ................. 2.C. »»
D u ff , W i l l i a m  .............................. 2.C. ,,
S t e w a r t ,  Jo lh n  F .................................... 2.C. ,,
B o n d , G e o rg e  C ..................................... l .C . L iv e rp o o l
F o r s h a w ,  C h a r le s  G ........................... i . e .
F r a n k ,  W i l l i a m  .............................. l.C . >»
J e n n io n s ,  W il l ia m  ................ l .C . »»
K in g th o rn . Jo lh n  E .  ................ l .C . >»
M o n tg o m e ry ,  G e o rg e  V .................... l.C . »
C le a r ,  N o e  T . .............................. 2.C. »>
C o n s ta b le ,  J a m e s  D . ................ 2.C. »»
E g a n ,  J o h n  ........................................... 2.C. >»
G rif fitih , T h o m a s  A . ................ 2.C. »»
M cK ee . S ta n le y  R . ................ 2.C. >»
M u s k e r ,  H e n ry  ...............■. 2.C. »»
S o w d e n , F r e d e r i c k  J ......................... 2.C. »»
W ilk ie ,  S a m u e l D . ................ 2 .C . »»
D a n ie l s ,  A lf r e d  J ................................. 2.C. L o n d o n
P i z z a r d i ,  E m a n u e l  C ........................ 2.C.
R y a n ,  W i l l i a m  L ................................. 2.C. !•
F a y r e r ,  C y r i l  E .  V . ............... l .C . S o u th a m p to n
W e l le r ,  M a u r ic e  W . W . 2.C. »»




