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Mr. K e m n a l  : I  have much pleasure th is evening in p r e s e n t 
ing  to you Mr. Jam es K eith, not only as the author of a paper 
which I  am sure you will find of very great in terest, hut also as 
one of our most recently elected members. Mr. K eith  is one of 
the most em inent of the experts in the subject on which he is 
w riting , and w ith his usual thoroughness, he has brought 
models of an in teresting , elaborate and instructive character to 
illustra te  various points in his lecture. I  have read an advance 
copy of his paper, and at the moment I  will say  nothing  regard 
ing it as I  anticipate th a t there will be a very ample discussion. 
Of course, such an in teresting  paper as th is is would have 
m erited a very full audience, apart for the fact th a t Mr. K eith ’s 
position in the engineering world entitles him  to it. B ut we 
all know the demands which war is m aking upon engineers, so 
th a t m any of our members are prevented from being present.
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W e have received, both from Mr. G albraith  and from Mr. 
Currie, expressions of regret for the ir inab ility  to attend. 1 
will now call on Mr. Keith to read his paper.

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

T h e  author has already dealt p re tty  fully  with the question 
of mechanical ventilation in three articles published respec
tively in the Lancet, Cassier’s M agazine, and the R ailw ay  
News, so he cannot claim to bring  before you anyth ing  abso
lu tely  new, but, having regard to the im portance of the sub
ject, he ventures to subm it his view to the Members of the 
Institu te  of M arine Engineers for the ir careful consideration, 
knowing' their criticism s will be most valuable.

W ithin  recent years public opinion has been much exercised 
on the question of better conditions for the workers in  over
heated and ill-ventilated engine— and other working—rooms 
<111 land and 011 board ship, and the object of th is paper is to 
place before you the most up-to-date applications in the practice 
of' ventilation and some of the results attained.

The work of physiologists during  recent years has gone to 
show th a t the chief effect of ventilation and open-air treatm ent 
depends 011 the movement, tem perature and m oisture of the 
air, and less upon its chemical properties than  was expected ; 
and, in  order to obtain economically adequate ventilation on 
physiological principles, w ithout production of uncomfortable 
draughts, the ventila ting  system employed should be designed 
on certain  lines herein indicated, embodying appliances speci
ally adapted to the cooling of over-heated engine-rooms and 
the like aboveground, underground, or underdeck, by flooding 
them  with fresh a ir from outside under slight pressure.

This positive ventilation or a continuous change of a ir also 
removes all noxious gases and smells em anating from the oil 
and bilges.
The principle employed is exemplified by the follow ing: —

F ig . 1 illustrates p art of the large electric power-house of' 
Saint Denis, outside Paris. I t  shows how the long' switch- 
house (with switeh-board about 500 
down.

A t S a in t  D e n is  P o w e r-H o u se , th e  s w i tc h -b o a r d  h o u s e , a s  e r e c te d ,  w a s  w h o lly  o p en  
a lo n g  on e  s id e  to  th e  p o w e r-h o u se  fro m  w h ic h  e m a n a te d  h e a t  g e n e r a te d  b y  th e  e le c tr ic a l  
m a c h in e r y ,  to  s u c h  a n  e x te n t  t h a t  th e  w o rk in g  of th e  s w i tc h -b o a r d  w a s  p r a c t i c a l l y  p u t  o u t  of 
a c t io n  in  s u m m e r  t im e  e v e n  th o u g h  th e  l a r g e  w in d o w s  h ig h  u p  a lo n g  b o th  s id e s  a n d  e n d s  a s  
w e ll a s  th e  d o o rs  at- th e  e n d s  of th e  p o w e r-h o u se  w e re  fu l ly  o p en  a l l  th e  t im e .

feet in length) is cooled
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In  this case a series of ten open fans, each having- 25 inches 

diam eter air-in let and runn ing  700 revolutions per m inute, is in 
stalled along the length of the switch-house ceiling, and delivers 
in all 90,000 cubic feet of fresh a ir per m inute or 5,400,000 cubic

F ig  1.
P a r t  Section Power-House and  Sw itch-Board House, S ain t D enis, Paris.

feet per hour, and d istributes it in the direction shown by the 
arrows across and through the switch-house into the power
house ; in other words, the whole cubical a ir contents of the 
switch-house are changed once every 40 seconds or 90 tim es an 
hour, and the inside tem perature of the switch-liouse reduced 
from say 120° F ah renheit in summer to th a t of nearly  the 
norm al outside atmosphere, w ithout production of unpleasant 
currents, for a to tal expenditure in electrical power of 14,000 
watts. In  the m ain build ing or power-house proper there may 
lie, as shown, sim ilar fans of la rger size arranged along its 
length of six hundred feet.

F ig . 2 shows a portion of the underground engine-room of 
tlie Singer B uilding, Broadway, New York, in which are in 
stalled three large open fans capable of propelling pure fresh 
air into the engine-room under m oderate w ater gauge to the 
extent of 120,000 cubic feet per m inute, thus giv ing a change of 
a ir contents of more than 60 tim es an hour, and ensuring com
fort and coolness w ithout draughts, under all outside atm os
pheric conditions.
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The fresh air in  this case is taken from the side-walk of 

L iberty  Street on the one side, and from the open area between 
the wings of build ing  block, and is drawn into large cham bers 
against and through considerable areas of moistened burlap  
before it passes into the in let conduits and is delivered by the 
fans into the engine-room.

l<’ig. 2.
Inside View of Singer Engine-Room.

The system shown has superseded other systems h itherto  in 
use in the engine-room of the Singer B uilding, and represents 
a satisfactory solution of the problem how to keep such engine- 
rooms comfortably cool and healthy.

The change of conditions from an excessively high and un
healthy  tem perature inside to th a t of a norm al outside tem 
pera tu re  is effected (in the case of the Singer engine-room) by 
the expenditure of no more th an  22 horse-power when the fans 
are runn ing  at full speed. The a ir displaced mostly escapes



towards the floor level into the boiler-house, thus benefiting 
the ventilation of the boiler-house and prom oting the d rau g h t 
up the chimney.

F ig . 3 shows diagram m atically  the delivery and dispersion 
of the fresh a ir into any sim ilar underground engine-room or 
other chamber.
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Fig. 3.
D iagram  of Engine-Room  M echanically V entila ted .

F ig . 4 is a transverse sectional view of the engine-room of a 
trans-A tlan tic  liner showing the application of the recom
mended method for flooding the engine-room with cool fresh 
air, under m oderate pressure.

The a ir is delivered into the engine-room by a large open 
fan placed a t the junction  of the lower ends of the air-shafts, 
so th a t the full volume of fresh air, equal in th is instance to 
about 150,000 cubic feet per m inute, is propelled into and pro
perly distributed  through the engine-room w ithout loss from 
delivery ducts. W hen desirable, the a ir in the engine-room 
m ay be changed 120 tim es per hour w ithout uncom fortable 
draughts.

An essential characteristic of th is application is th a t the 
cool a ir is drawn, not forced, down from the upper deck and 
delivered laterally  by open fans placed as low down in the 
engine-room as permissible, so as to flood the whole engine- 
room with air, the cooler incoming a ir fa lling  towards the 
floor, displacing the heated air and expelling it  up the m ain 
hatch or hatches or other exits w ithout the necessity for ex
trac t fans.
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The system shown was installed in the engine-room of the 

ill-fated SS. Lusitania  in 1912, and was so successful th a t the 
engine-rooms of the later Cunard vessels, i.e ., SS. A ndania , 
A launia, Transylvania, A quitania, Tuscania  and A urania , 
were sim ilarly  equipped.

Fig. 4.

Fig . 5 is a reduced p art longitudinal section through the- 
central engine-room of the SS. Aquitania , showing the arrange
m ent of inlet conduits and fans and ind icating  how the change 
and movement of a ir are effected at the level of the s ta rtin g  
platform  100 feet below the upper deck from which the fresh 
a ir is drawn.
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The m ain supply of fresh air for the central engine-room is 

draw n down four vertical shafts, two of which m arked “ A ” 
serve one open fan marked “  B ,”  and each of the other two of 
which marked “ C ” serves a separate open fan marked 
These three fans collectively d istribute and diffuse 180,000

L ongitud inal Section th rough  C entral Engine-Room  and  one of th e  hatches of SS. A q u ita n ia .
cubic feet of fresh cool a ir per m inute, w ithout unpleasant 
draughts, into the lower p a rt of the engine-room with an ex
penditure of 66 horse-power. In  the two wing turbine rooms 
120,000 cubic feet of a ir per m inute are distributed by other 
fans requiring  68 horse-power. The condenser and turbo-
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dynamo com partm ents receive 120,000 cubic feet of air per 
m inute, absorbing 06 liorse-power. Eor c irculating  a ir in and 
em itting  it (by separate fans) from the various com partm ents 
m entioned, 167 liorse-power is required, 273,000 cubic feet of 
a ir  per m inute being handled in  th is m anner.

The net result is th a t the atmosphere at these depths is kept 
fresh and wholesome at an average tem perature of' about 75° 
Fahrenheit.

A sim ilar result could be obtained by blowing or forcing air 
downwards by cased fans from the top deck. W ith  sim ilar 
structu ra l conditions, however, a much higher water-gauge 
pressure-difference would have to be created in  order to obtain 
the necessary volumn below, and the expenditure of horse-power 
would be considerably greater.

In  this connection, it may be desirable to point out some of 
the reasons for the advantages obtained by draw ing in the air 
and d istribu ting  it w ithout inside conduits as d istinguished 
from pressing it towards a room from the point of view of the 
power consumption requisite for good ventilation.

A fan fitted to the lower end of an a ir duct m ay be so 
■arranged th a t it serves not onlv to handle the air bu t also to 
diffuse it in a favourable m anner over the room to be ventilated.
I f  the a ir be forced to the room, however, d istribution  pipes 
and nozzles are necessary to effect an even ventilation  all over the 
room.

W hile, therefore, iii the form er case there is only a t one place, 
nam ely in the fan, a transform ation of energy and change of 
velocity of the air, in the la tte r case a second transform ation 
takes place where the a ir passes through the nozzles into the i
room. In  the former case the absolute velocity of the air, where I
it leaves the fan, is used to d istribute the air in  a favourable 
m anner; in the second case such velocity is lost to a large extent 
in eddies.

I t  may also be pointed out th a t on board ship, when Jl 
principle of sucking the a ir to the room is adopted, i t  is usuai*/ 
easier to have the smallest num ber of bends and therefore a 
more efficient passage for the a ir till it enters the room.

A gain, the fan and motor are not so much exposed to atmos
pheric conditions and are more easily watched and controlled 
when fitted in the eng'ine and boiler room, than  when arranged 
on deck.
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The only way to prevent d raugh t currents from the nozzles 

below when forcing the a ir downwards would be to use large 
d istribu ting  diffusers in the engine-rooms in order to deliver 
the full volume desired at a lower velocity.

In  actual practice these points are well exemplified in the 
case of the SS. A quitan ia , in  which, because of m achinery 
difficulties, the two wing engine-rooms are served by the plenum  
method at a cost of one-third more power th an  is required for 
the ventilation of the central engine-room in which the system 
illustrated  and recommended is installed, the proportions of 
downward air-ducts and a ir volumes delivered being identical.

W hen it is considered th a t many modern underdeck (as well 
as underground) engine-rooms have a uniform  or an unvarying 
overheated “ windless atm osphere” of from a t least 100° 
F ahrenheit in w inter to 150° Fah renheit in summer, notw ith
standing the presence of old fashioned apparatus expected to 
secure so-called m echanical ventilation, the urgent necessity 
for a practical rem edy will be appreciated.

U n til about four years ago it was unusual to employ open 
fans for ventila ting  engine-rooms, etc., and it was difficult to 
obtain open fans capable of creating  efficiently an under
pressure in a duct or air-in let sufficient to induce an air-current 
of fairly  high velocity.

To meet th is dem and, a fan as shown in F ig . 6 has been 
specially developed.

I t  will be seen th a t the im peller vanes are scooped on th e  
inlet side and are of such shape th a t they slice into the incom
ing a ir and divert it gently  from the axial into the rad ia lO  O  ~

Fig. 6.



282 ME(,'HAXICA L VEXTILATIOX.
direction, as shown conventionally in Fier. 7. The outer Ions'!' . . . . tud inal edges of tlie blades are inclined backwards with re fer
ence to the direction of rotation, as shown in F ig . 8. E xperi
ence has shown th a t im pellers so bladed do not tend to race 
when employed as open fans runn ing  in parallel, and th a t there 
is little  tendency for the air to re-enter the space between the 
blades and cause eddies when the fan is runn ing  against a com
paratively  high pressure. This design ensures strength and 
r ig id ity  w ithout in ternal stays.

There have been published elsewhere diagram s indicating 
by stream lines the approxim ate course followed by the air 
when passing through the impeller. As m ight be expected, 
the stream lines show a continuous course with no sudden 
changes in direction, so th a t also the actual course of the p a rti
cles of air m ay be regarded as steady, a result which is corro
borated by characteristic and efficiency curves already pub
lished.

Strengthened forms of this im peller as shown in F igs. 9 and 
9a  driven respectively at h igh speed by steam turbines have 
now been adopted for use on board the latest forms of torpedo- 
boat destroyers of B ritish , I ta lian  and other foreign navies for 
g iving forced d raugh t at a static water gauge of 6 inches, and 
obtaining coolness in the stokeholds.

7.

4



F ig . »A-
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By virtue of the vertical arrangem ent, air is d istributed  high 

up in the stokehold where the pressure equalises itself, thus 
avoiding unequal a ir d istribution to the burners and form ation 
of eddies which would set up draughts and cause discomfort to 
the occupants of the stokehold. Tests of fans such as shown in 
F ig . 9 have been published in the Journal of the Am erican 
Society of Naval Engineers of November, 1912.

Up to this point there have been discussed only means of 
freshening the atmosphere in overheated engine-room s; b u t in 
certain  circumstances i t  is often necessary to furnish fresh a ir  
in volume, either artificially cooled or warmed.

Fig. 10 represents a part vertical section and a p art elevation 
of an open fan. installation  capable of furnishing fresh a ir,
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either heated or cooled, to a working room on land or on board 
ship. As shown, the apparatus is designed to rest on the floor, 
bu t n a tu ra lly  it m ay also be constructed for erection at a h igher 
level. In  e ither case the apparatus m ay be connected to a 
fresh a ir duct coming down through the roof or from the upper 
portion of a build ing.

F or furn ishing  an abundant supply of fresh a ir from  the 
upper deck of an ocean liner and delivering it under moderate 
pressure, either cooled or warmed, into state-rooms, saloons, etc., 
below, a different construction of apparatus is called for.

F ig . 11 represents a transverse section of w hat is commerci
ally known as a “  R higotherm o ”  P lenum  ventila ting  cased fan 
installation , for perform ing the work described. By way of in 
d icating  the m echanical efficiency of the installa tion  repre
sented, it m ay be stated th a t with a difference of tem perature of

Fig. 11.
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40° F ah ren heit between the tem perature of the outside air in 
cold w eather and th a t of the a ir delivered into the deck m ain 
ducts, every 1,000 cubic feet of a ir so delivered, a t a constant 
water-gauge pressure of two inches, requires for electrical cur
ren t the expenditure of only half horse-power.

I t  will be understood th a t the fan draws in  fresh air, com
presses it  to a pressure sufficient to ensure its delivery to the 
m ain duct, the flow being only slightly  impeded by the heated 
or cooled surfaces around which it passes; while the a ir  de
livered, being in  no way in itia lly  overheated, rem ains in fresh 
condition. The installation  shown is to be d istinguished from 
constructions which require air to be forced through  narrow 
tubes in a cylinder.

The “  Rhigotherm o ”  apparatus has already been success
fu lly  installed on the latest Canadian Pacific liners as well as 
on the latest Cunarder, the Aurania.

In  connection with the ventilation of underground railw ays 
and “ tu b e s”  or “ sub-ways,”  it is in teresting  and instructive 
to consider the advance th a t has been made w ithin  the past 
fifty years, and even during the past tw enty or even ten  years.

The first underground railw ay in London (the M etropolitan 
and D istrict Railway) was opened from Paddington to F ar- 
ringdon in 1863, and, as the original in tention  was to use H ot 
W ater Locomotives therein , no special provision was made for 
ventilation at all. As is well known, however, no hot-w ater 
locomotives were ever run  on the U nderground Railw ay, and, 
from the first, coal or coke fired steam locomotives were used for 
traction . Hence the ventilation of the tunnel sections was bad 
from the start, even when the traffic was com paratively small.

W ith in  the past ten years the old U nderground (M etropolitan 
and D istrict) R ailw ay has been transform ed into an electrically 
worked line, and, is now probably the best ventilated under
ground railw ay of its kind in existence. As th is comfortable 
state of affairs has been secured under E nglish  clim atic condi
tions, w ithout m echanical ventilation, it  is n a tu ra lly  of in 
terest to seek the explanation;

Like the P aris and New York “ U nderg rounds”  or “ Sub
w ays,”  but unlike the London deep “ Tubes,”  the tunnels of 
the London M etropolitan m ain underground railw ay are only 
a few feet under the level of the streets.

The stations are on an average about ha lf a m ile a p a r t ; most 
of them  have now been opened up to the outside a ir w ith large
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open spaces on each side, the tunnels also being of large dim en
sions. I t  has been found th a t under these conditions and w ith 
electrical traction  the movement of the double-track tra in s  
travelling  in opposite directions keeps the a ir of the tunnels in 
sufficient motion to prevent stagnation  or the existence of the 
deleterious uniform  or ‘ ‘ windless ’ ’ atm osphere so m uch com
plained of by hygienic authorities, and, so gives good ventila
tion and a feeling of freshness all the year round.

On the contrary, unlike the m ain London U nderground R a il
way bu t like the London “ T u b e ”  Railw ays, the “ U nder
grounds ”  or “  Sub-ways ”  of P aris and New York are generally  
unprovided w ith  open stations or w ith spaces or areas th rough
out the lines open to the outside air, and, although  electrically  
worked and otherwise well equipped, cannot by any stretch  of 
im agination  be said to be well ventilated . As regards ventila 
tion, these P a ris  and New York lines were designed to work on 
practically  tlie same principle as th a t orig inally  applicable to 
the London “ T u b e ”  lines i.e ., the “ piston a c tio n ” of the 
tra in s when runn ing  was fallaciously exjiected to be sufficient 
for the perfect ventilation  of the tunnels.

Satisfactory ventilation  can be secured either by largely  open
ing up these underground conduits a t short in tervals completely 
to the open-air and depending upon the working of the traffic 
electrically each way to give the necessary movement to the 
atm osphere therein  (as exemplified in  the case of the London 
M etropolitan), or by  flooding these underground roadways,, 
when practically  closed to the open-air above, w ith fresh-air in  
sufficient volume, from  a central position in  each section towards 
exits at each end, by m echanical means, substantially  in  the 
m anner illustra ted  d iagram m atically  in  F igs. 12, 13 and 14.

These figures represent respectively a longitud inal elevation 
and p art section, a plan, and a transverse section of a working 
model of a two-track “  U nderground ”  electric railw ay or “  Sub
w ay.”

This working model is 12 feet long (representing in  fu ll size 
144 feet in  length) bu t, otherwise it  is constructed to the  scale 
of one inch to the foot, or one-twelfth of the actual size of the 
real tunnel or “  Sub-w ay.”  The diagram s are draw n to a scale 
of nearly  l-26 th  of the size of the working model and to a scale 
of nearly  l-307th  of the fu ll size or actual “ Sub-w ay,”  the cross- 
sectional m easurem ents in ternally  of the actual “ Sub-w ay”  
represented being 16 feet in  height by 25 feet in  w idth.
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As represented, a specially constructed open type of fan, 

having double air-inlets, each 7-|- inches in  diam eter (represents 
ing 7-’ feet diam eter air-inlets in actual or full size) is placed in

1
I I I

r
2 TRACK SUB WAY OR TUNNEL

i £
2 TRACK SUB WAY OR TUNNEL

j= - t -

Fig. 12.
L o n g itu d in a l E lev a tio n  a n d  p a r t  sec tion  of W o rk in g  M odel of U n d erg ro u n d  E le c tr ic

R ailw ay .

P la n .

T ran sv e rse  S ec tion  th ro u g h  F an  a n d  Sub-w ay.

a recess formed on the side of the “ Sub-w ay”  so as to draw 
fresh a ir down the recess (from above or the outside) and propel 
the a ir in  volume into the side and towards the upper p art of 
the “  Sub-way ”  or tunnel.
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W ith  tliis model working as a guide, tlie motor and fan 

runn ing  at 4,000 revolutions per m inute, the motor absorbing 
1-6 horse-power, 1,004 cubic feet of fresh a ir per m inute are 
propelled along the tunnel towards each end of the section (or 
towards each station) as shown by the arrow s; the air-current 
being rated a t an approxim ate air-speed of 4-6 miles jier hour 
towards each extrem ity  “ E .”

These figures indicate (giving the same rate  of air-speed or 
current in  an actual tunnel) for a fan of full size a runn ing  
speed of 330 revolutions per m inute, and the delivery of 1-50,000 
cubic feet of a ir  per m inute towards each end of the tunnel, or 
for both ends “ E ”  a to tal of 300,000 cubic feet of a ir per 
m inute, w ith an absorption of from 90 to 170 horse-power ac
cording to the form of fan used*, effecting a change of the 
whole of the cubical a ir contents of the tunnel section every 
three to three-and-a-balf m inutes between two stations half a 
m ile aiiart.

Indifferent though the ventilation  of the London deep 
“  T u b es”  m ay be, it  is perfect in  comparison w ith th a t of the 
New York “  Sub-ways,”  which during  summer tim e have an 
atm osphere th a t is quite intolerable.

N otw ithstanding the usually over-crowded conditions of these 
“ Sub-w ays”  unprovided w ith sufficient ventilation , and the 
consequent unpleasant and unhealthy  state of the atm osphere, 
aggravated by the effluvia or odour and heat generated from the 
run n in g  of hundreds of electric motors, there is no reason why 
the  a ir should not be as fresh and health fu l as th a t of the open 
wide streets im m ediately above, provided a proper system of 
m echanical ventilation be installed.

The au thor has come to the conclusion th a t for “ S ub-w ay” 
ventilation  there is no necessity to do more th an  b ring  the fresh 
a ir  from a point outside to where it  is needed. No reasonable 
person expects better atm ospheric conditions in these under
ground highw ays than  are to be found in wide, healthy  streets 
or roadways above ground—conditions which can undoubtedly 
he obtained by the proper application of the methods suggested.

I t  m ay be noted th a t one great advantage of the Plenum  
V entilation system described, is th a t, given a pure source from 
which to obtain the fresh air supply, all local or surrounding 
smells are effectively kept out of the apartm ents or places

♦In actual practice, these full-size fans will develop considerably more capacity for the horse-power stated, or will absorb much less power w’hile giving the volumes of air mentioned.
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treated , while the vitiated  a ir is thoroughly displaced through 
the proper exits. I t  is understood, of course, th a t where the 
ex ternal source is either im pure or not free from suspicion, or 
is dust-laden or smoke-contaminated, it m ay require to be 
screened or cleansed (as in the case of the Singer engine-room) 
before it is drawn or propelled into buildings containing valu
able and delicate m achinery and where there are workers.

By no other methods th an  those on the lines described and 
known to present-day ventila ting  science can we obtain w hat 
has been called a “  siifficient d raugh t of cool and relatively  dry 
a ir (conducive to good h ea lth ),” free from unpleasant currents, 
in crowded places and especially in over-lieated engine-rooms, 
sub-Ways, e tc . ; but the results obtained by the author, would 
some years ago, probably have been considered almost impos
sible ; and, w ith our present-day facilities for the economical 
adoption and distribution  of m echanical power by electricity , 
there is no excuse for lack of good ventilation anywhere.

Before closing, the author would like to impress upon you 
th a t there is no royal road to s\iccess in th is or in any other 
branch of technical science: but this much is certain , viz. : 
th a t good ventilation cannot be secured w ithout the aid of ex
perience and of mechanical energy in  some form or other under 
what m ay sometimes be thought unnatu ra l conditions.

Some lan tern  slides will now be shown on the screen giving 
views from photographs of the build ings and ships dealt w ith in 
the paper, also of photographs of some of the principal engineers 
and men connected w ith one or two of the ships mentioned.

A fterw ards members can see a few prepared models (as illu 
strated, page 291) at th is end of the hall, one or two .of these 
being shown working, which m ay perhaps give a better idea of 
w hat the author had been endeavouring so im perfectly to lay  
before y o u .
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Pig. 15.
Fig. 16.
Fig. 17.
Fig. 18.
Fig. 19.
Fig. 20.
Fig. 21.
Fig. 22.
Fig. 23.

Open Fan Model a t rest.Open Fan Model shown working.
Cased Volume Fan at work.Cased Fan Wheel.
Open Fan strengthened for high speed.Open Fan with double air inlet for pressure.
Ditto ditto for volume.
Open Fan Paper-weight Model.
Working Model demonstrating Sub-way Ventilation.
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D ISC U SSIO N .
The C h a i r m a n  : I  th ink  we all agree th a t th is has been a most 

in teresting  paper, but before we proceed to convey a vote of 
thanks to Mr. K eith  in sufficiently warm term s, I  invite you to 
discuss the paper.

M r. W . H . M a s s e y :  I  heartily  agree w ith the proposal to 
form ally vote our thanks to Mr. Iveith, and hope we shall be 
unanim ous in offering him  our congratulations on the success 
which has attended his efforts to add to the comforts, to m inister 
to the health , and, therefore, to increase the efficiency of the 
engine-room staffs, by perm itting  them  to labour under w hat 
m ay be described as more na tu ra l conditions than  those caused 
by the design, or ra ther want of design, 011 the part of those 
who were responsible for the general arrangem ent of m achinery 
in ships. For more than  30 years I  have been throw n more or 
less in contact with various works of the author, and I  have 
always found him  full of energy and g o ; difficulties w ith him  
were only th ings to be overcome, and I  envy and adm ire his 
tireless energy. No m atter what he has to do, lie will do it  in 
the best m anner in the shortest possible tim e and a t a reasonable 
qost. B ut there is another side to the question, and th a t is the 
side which touches us as M arine Engineers. W hile  praising  
Mr. K eith, I  cannot help th ink ing  th a t it is sinful th a t a m an 
of his abilities should prostitute his ta len ts in rem edying defects 
which ought not to e x is t; and if we, as M arine Engineers, would 
only call the a ttention  of the authorities to the fact th a t they are 
w asting money, we may induce them  to do away w ith the present 
state of th ings. There is the question of horse-power— actual 
figures do not m atter—but 011 a certain  occasion it  took, accord
ing to Mr. K eith, nearly  200 H .P . to drive the fans alone! I f  
the ventila ting  arrangem ents were properly designed, the move
m ent of the ship, driven at nearly  30 miles an hour, ought to be 
sufficient to renew the a ir w ithout this extra work. W e do not 
know the exact tem perature of the air, nor whether i t  is at 
norm al pressure, but even w ithout exact data it is apparen t to 
all th a t there is an abnormal waste of power th rough  radiation  
losses, as there is 110 such th ing  as h e a t ; and I  venture to say 
th a t if proper calculations were made we should be astonished 
at the waste resulting  from heating  the a ir itself. I t  am ounts 
to hundreds of horse-power, and such waste is w icked; bu t, of 
course, in E ngland  we are wasteful. A paper 011 combustion 
was read at the B ritish  Association some tim e back, when some
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sta rtlin g  figures were quoted as bearing on tlie great waste in 
fuel going on constantly. You will rem ember th a t it  has for 
years been suggested th a t some sort of economy ought to be 
practised a t collieries where coke is made, and a certain  well- 
known iron company now finds it possible to make ra ils  with 
no fu rther consumption of coal than  is required for the produc
tion of coke. An enormous saving can thus be effected in  the 
cost of m anufacture; and we, as M arine Engineers, ought to 
try  and save some of the energy wasted in the overheating of 
engine-rooms. I f  radiation  cannot be prevented the energy 
should be used in im proving the d raugh t of boilers or some other 
practical use should be made of it. I  should like to ask M r. 
K eith one question : W hether lie has any idea of the difference 
in  power required to ventilate an engine-room when the ship 
is standing still or going 25 knots an hour, the cowls being pro
perly  set so as to get the advantage of the speed of the ship in 
one direction and the wind in  another? On one occasion in  my 
experience, the inlet cowl was pu t on the wrong way and the 
a ir went down the outlet cowl, w ith the resu lt th a t the fan did 
not draw the a ir up and down a t a l l ; bu t I  know th a t the am ount 
of air coming down these cowls is very great, and ought to be 
enough to ventilate any ship th a t is properly arranged. I  was 
at sea long before any m echanical ventilation  was attem pted. 
My first experience of fans on board ship was in  1873 during  
the m onths of September and October, in H .M .S . Devastation, 
where we had about 32 fa n s ; but, after three days’ battened 
down in a heavy sea on the S .W . coast of Ire land , the resu lt was 
a worse stench than  anyth ing  I  ever struck before or since. 1 
do not want to do away w ith Mr. K eith ’s bread and butter, and 
of course ventilation  m ust be carried out on other parts of the 
ship, bu t I  do contend th a t there is an unnecessary am ount of 
waste going on in the engine-rooms of these ships, and I  subm it 
th a t th is waste ought to be prevented.

Mr. W . -T. 1 ) i b b  : I  congratulate Mr. Keith upon his excellent 
paper, and feel quite sure it  will be read w ith great in terest by 
the members, as ventilation  plays a very im portan t part in  th e ir 
lives, whether ashore or afloat. As the au thor r ig h tly  says, 
there is no royal road to le a rn in g ; th is is proved in  the case of 
the Lusitania. This ship at the tim e of launching  was sup
posed to represent the last word in naval a rch itec tu re ; yet, from 
Mr. K eith ’s evidence, it was six years before the tem perature in 
the engine-room was reduced from 140° to 75°, the ship being 
engaged in the A tlantic trade where the average tem perature
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would lie about 50° to G0°, and the steamer travelling  a t 30 miles 
per hour. This I  should call ideal conditions, and I  would like 
the members present to im agine w hat it  would be like in  the 
Eed kSea with air and sea-water between 80° to 90°. I t  is to the 
in terest of shipowners to have the engine-rooms as cool as pos
sible ; all excessive beat rad ia ting  from uncovered pipes, boilers, 
cylinders, etc., is a waste of fuel. These units of heat should 
be conserved inside their respective places and made to do useful 
work. I  th ink  it is unreasonable to expect the average ship
owner to instal expensive fans after the ships are bu ilt. B ut 
I  venture to suggest th a t if th is m atter received more atten tion  
a t the tim e of building, the ventilation could be g reatly  im 
proved, w ith only' small additional cost.

The laws of air convection tell us th a t heated a ir will always 
rise to the top. Therefore, if upcast ventilators were fitted as 
well as downcast, it would greatly  assist the circulation of air. 
Personally, I  am not in favour of fans, steam or electric, if they 
can be avoided. From  my experience, they require a lot of 
atten tion , occupying a large am ount of space, and in the end 
are very expensive. For instance, it required 480 I .H .P . 
run n in g  n ig h t and day to ventilate the engine and boiler rooms 
of the Lusitan ia ; it  would be in teresting  to know w hat th is cost 
per year, for oil, coal, and atten tion . R egarding one item , I  
should like to ask a question; it is stated th a t Gin. a ir pressure 
in the stokehold was used. I  suppose this is a m istake?

Mr. K e i t h  : This is correct if it was in a torpedo boat de
stroyer.

Mr. Diisi!: I  have had experience in  torpedo destroyers with 
w ater tube boilers burn ing  oil, also coal, bu t I  have never noted 
Such h igh air pressure, and I  am quite sure i t  would ru in  the 
ordinary  boiler. W ith  reference to the ventilation  of power 
houses, etc., I  have never had any experience, bu t from the 
facts given by Mr. K eith, I  should say very efficient results 
have been obtained from the various fans he has so kindly ex
hibited for the benefit of the members th is evening.O

M r. B a t t l e :  I  also jo in  in offering congratulations to M r. 
K eith on dealing with this subject. On a form er occasion when 
ships’ ventilation occupied our attention , I  had the honour to 
introduce it. I  have therefore a double in terest in offering my 
congratulations, namely, as a M arine E ngineer and as a co
advocate of hygienic improvements. The offences against the 
ordinary  laws of hygiene on board ship are appallingly
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num erous and g laring , and to my m ind tlie m atter of improved 
ventila tion  in the engine-room, although im portant and desir
able, sinks into insignificance in  comparison w ith other condi
tions, due to breaches of hygienic laws. I  refer to bath ing  ac
commodation, lavatory and bath  arrangem ents, and also to the 
carriage of drink ing  water on board ship. N otw ithstanding 
this, however, we M arine Engineers are g ra tefu l to M r. K eith  
for his efforts to improve the condition of life a t sea. I  am 
strongly of opinion th a t the average engine-room in small cargo 
vessels could be efficiently ventilated w ithout any additional 
■expenditure if a t first the steam and exhaust pipes were satis
factorily arranged to assist ventilation. M arine E ngineers are 
not tliiu  skinned, and provided the a ir is fresh and pure, a 
m oderately h igh tem perature is not en tirely  objectionable, bu t 
it is when an engineer 011 watch has to b reathe foul hot a ir th a t 
tlie trouble arises, and such a condition is a source of public 
danger. Can we wholly blame the young jun io r engineer for 
being overcome w ith drowsiness under such conditions? A 
system of ventilation to be efficient, should provide an adequate 
ventilation  under the platform , and any system which merely 
introduces a ir into the engine-room, however efficiently, seems 
to me to be w anting in  completeness owing to the fact th a t the 
engineering staff is always in  the lower s tra ta  of air, or nearly  
so. For health  and efficiency on board ship, pure a ir is essen
tia l, and therefore to anyone who endeavours to improve the 
conditions under which “  they who go down to the sea in ships ’ 
have to operate, deserves the hearty  thanks and approval of the 
whole of the M arine E ngineering  profession.

Mr. W in. M cL a r e n  : I have only a few rem arks to make. 
No m atter w hat state the engine-room is in , no m atter what the 
speed of the vessel, if the air of tlie engine-room is above 90° it 
is bad for the h ea lth . I t  sometimes causes sea sickness, and the 
excessive heat is in jurious, 110 m atter how pure the a ir m ay be. 
M r. Keith has designed an apparatus to purify  the air, and to 
put fresh a ir in. One th in g  is certain , the pipes and various 
auxiliary  m achinery always stop the free circulation of a ir in 
an engine-room. Mr. Keith has provided us w ith a system, 
notw ithstanding th is difficulty, of m aking a cool fresh engine- 
room out of an engine-room w ith an atm osphere of 110°F ., so 
hot in fact, th a t the hand rails burn  the hand if  you touch them . 
The au thor of the paper to-night has pu t before us a system 
which— we express .the hope—rings the death-kneel to such 
undesirable and unhealthy  conditions.
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Mr. 13. 1*. F ie l d e n  : The only point in  the paper read by 

M r. Keith I have to criticise is in regard  to F ig . 4. I f  you refer 
to the sketch you will see arrows, showing the circulation of the 
a ir round the turbines, and it appears to me th a t w hat is good for 
the engineer is bad for the engine, especially in the case of tu r 
bine m achinery, where condensation should be avoided.

Mr. J .  T h o m : W ith  regard to F ig . 4, I  presume the air 
ducts shown are not to scale, or I  fear the shipowner would 
say th a t having got the coal and engineers w ith these appliances 
on board, there would be very little  space for cargo and pas
sengers. 1 also notice in th is same figure the exit from the 
ventila ting  shaft is very near the ship’s side in the engine-room, 
th is also is a very valuable and necessary p a rt for other purposes 
th an  ventilation. I  do not see any reason why the v entila ting  
shafts should not be placed in the usual positions, provided 
the a ir is afterw ards guided towards the ship’s side or any other 
p art difficult of ventila ting . The great difficulty in  getting  
ventilators to work autom atically  in warm places is th a t the air 
on its way down the ventilator gets warmed up so much th a t it 
becomes ligh ter than  the a ir above it, and n atu ra lly  wants to 
rise instead of fall, especially so in deep engine rooms. I t  
ventilators were made one inside the other, the inner one lead
ing down, the outer one leading up, it would be possible to over
come th is reversal of direction, as the outer ventilator would in 
sulate the down-going air from the greater heat of the steam 
cylinders in passing.

The C h a i r m a n  : I only wish to subm it a few rem arks respect
ing Mr. K eith ’s paper, and some of the m atters th a t have arisen 
oxit of the discussion of it. As far as the St. Denis Power House 
is concerned, when th is p lan t was designed, no one realised be
forehand the heated a ir th a t would be produced by the rotors 
of these immense turbines. A lthough the engine-room is very 
high and very large, and full of windows and ventilators, it was 
not possible to get rid  of the heat, which backed up m ainly, and 
was most oppressive, in the switch house and the annex runn ing  
a portion of the length of the engine-room. A fter consulting a 
num ber of experts, we called in Mr. K eith, and his contention 
was th a t if we forced a considerable am ount of fresh a ir into the 
switch room, passing therefrom  into the engine-room, we should 
drive the heated air out w ith the fresh air under pressure. This 
plan was adopted, and the result was en tirely  satisfactory.

In engine-rooms of steamships, the conditions are different. 
I f  you can prevent any heat being radiated, there is less need
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for considering tlie ventilation question, bu t radiated  beat from  
boilers and engines and steam  pipes cannot be sufficiently pre
vented, as m atters stand at the present tim e. I t  is foolish to 
suppose th a t w ith oridnary  cowls you can produce satisfactory 
ventilation, and keep a sufficient quan tity  of fresh a ir available 
when the engine-room is 100ft. below the top deck. A rtificial 
ventilation, under such conditions, is a great advantage.

The question has been raised of the correctness of the a ir 
pressure stated as being th a t in  use in  the stokeholds of torpedo 
boats. The figure is quite correct for the rate  of combustion re
quired at full speed on torpedo boats and torpedo boat destroyers. 
I  m ay m ention, incidentally , a feature of in terest th a t happens 
on torpedo boats, when working at a h igh a ir  pressure in the 
stokeholds. The ‘‘ Express ”  type of water-tube boilers used on 
such boats is cut down to the lowest lim its in  w eight, and the 
tubes are small and th in . I t  occasionally happens th a t one of 
these bursts, and if the fire doors are shut a t the tim e, the pres
sure in the furnaces forces the escaping steam  up the funnel, 
and nothing happens further.

Mr. K e i t h  : I  will first endeavour to reply  to Mr. Massey. 
Of course I  am already acquainted with Mr. Massey’s ideas— 
they are invariab ly  good ones, but I  am afraid  m y friend would 
like to live in an ideal world, b u t we have to live am ongst th ings 
earth ly . He does not believe in  waste of any kind. B ut some
tim es waste is beneficial. I f  a m an walks along the street he 
wastes so much energy, b u t perhaps feels a ll the better for the 
waste. Taking the engine-room as an illu s tra tio n : I  have 
sailed in the Lusitania  over and over again  100ft. down. W ell, 
there were all kinds of fans and all kinds of shafts and ventila
tion cowls, and the coolest tem perature was 150°. This lasted 
six years. Then the arrangem ent was altered as described in 
the paper, and the tem perature went down to 75°. I f  we w ant 
heat we have got to pay for it, and if we w ant cold we have also 
got to pay for it. I  th ink  th a t settles th a t part— we cannot get 
anyth ing  for nothing in th is world. I f  we could shu t up the 
engine-room and b ring  the tem perature of the a ir inside to the 
tem perature of the steam, there would be very little  waste and 
very little  loss—except the loss of life. Nobody could live in  
such an atmosphere unless there were some kind of ventilation. 
The engine-rooms of these g reat vessels are not like those of 
ordinary  boats, they are contracted (engine-rooms) out of all 
proportion to the size of the ships. The C hairm an m entioned 
the St. Denis Power House, where, notw ithstanding all a ttem pts
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to reduce the tem perature i t  kept constantly at 140°F ., and they 
could never get anything  less; this state of affairs continued 
u n til the whole system was altered as has been described. W hy, 
from each of the great electrical turbo-transform ers alone there 
was and is a constant b last or volume of a ir at 180°F. The 
air ducts again of the Lusitania  were 3ft. in diam eter; when the  
ship was going at the rate  of 30 miles an hour, one would 
im agine th a t the air would go down through these ducts— all 
prevailing  conditions were calculated to make it do th a t—but it 
did not and would not, it preferred n atu ra lly  to get down 
through the m ain hatches. Fans were pu t on the down end of 
the a ir ducts, and the result convinced everybody.

Mr. M a t h e r  : I  should like to propose a very hearty  vote of 
thanks to Mr. Keith for his paper, and for b ring ing  the models 
to show us. W e have had a num ber of different systems of 
ventilation explained to us, it  adds to the value of a discussion 
when we have as wide a range of the subject as possible, i t  gives 
us an opportunity of knowing w hat has been done over a wide 
experience, and com paring oui; own difficulties w ith those of 
others. Mr. K eith ’s rem arks are of great assistance, following 
on his instructive paper. The value of the kind of apparatus he 
lias described depends largely  on whether the cost incurred  is 
worth the result obtained, and the m ain point is, does it make 
the engine-room more efficient and thus induce the shipowner to 
invest his capital in its installation . I  have very great plea
sure in  proposing this vote of thanks.

Mr. E o i s l i e  : I  have very much pleasure in seconding th is 
vote of thanks, and have listened w ith great in terest to th is  
valuable paper, for which we are all greatly  indebted to Mr. 
K eith.

Mr. K e i t h  : I am very much obliged to you for th is vote of 
thanks. I t  has been a pleasure to me to come here th is evening, 
and I  can only add th a t if any member wishes for fu rther lig h t 
on th is subject he has only to write to me and I  will afford him  
any assistance in my power. I  now invite anybody who is in 
terested to examine the models and judge for him self. I  shall 
be glad to answer any fu rther questions.

-------------o---------5—
The subject was illustrated  bv means of lan tern  views, as well 

as by working models which were inspected by members a t the  
close of the discussion, and described in detail by M r. Keith.



N o t e .
T h e  O r g a n i s a t i o n  o f  S c i e n t i f i c  a n d  I n d u s t r i a l  R e s e a r c h .

The. authorship of the report referred to on page 262— Decem
ber issue— was inadvertently  a ttribu ted  to the Advisory Council 
appointed by the Board of Education. S ir W m . McCormack 
lias pointed out th a t the report in question m ay represent an 
approxim ation of the views expressed by the deputation at the 
Conference on October 18th , bu t is not an official paper of the  
Advisory Council.

-------------o— ---------

A w a r d s  for  S e s s i o n  1915-6.
The only subjects on which essays were received wrere those 

set for the Associate and G raduate Sections. The awards have 
been ad judicated  as follows: —

Associate Section.— Nom inal, indicated, brake, and 
shaft horse-power; how ascertained, and th e ir relation  to  
one another.
“ Tea-kettle,”  Mr. .las. W att, awarded £ 2  value.

Graduate Section .— The th rust shaft. I ts  relation to 
the work and the power transm itted . Design of an ideal 
th rust block, with description of details.
“ H elix ,”  Mr. C. P . Tanner, awarded £ 2  value. 
“ A lexander G iw ain,”  Mr. 1). L. Thornton, awarded £1 

value.
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