
PAPERS ON ENGINEERING SUBJECTS. 

RECENT XODIFICATIONS IN BOILER DEBIGN. 

A modification to the design of Yarrow boilem has recently 
been adopted in some of H.M. Ships wit.h a view t o  making the 
heating surface of such boilers more effective, This alteration 
has permitted a reduction in the total heating surface for a 
given power, that is in the number of tubes fitted in a given 
boiler. 

A considerable saving in the weight of these boilem has 
resulted. 

In order to make the reasons influencing the recent alteretions 
more clear, the laws affecting the transmission of heat in a 
boiler should first he considered. 

There are three methods of heat propagation by which hest 
is transmitted from the burning fuel t o  the water in boilers 
namely, conduction, convection, snd radiation. 

Qmadw:tion is the passsge of heat from particle to particle 
of a body at rest, by direct contact. The quantity of heat (H) 
pawing by conduction across a unit surface of a body in a unit 
of time depends on the conductivity of ib substance, the 
difference of temperature between its cold and hot sides, and 
fho t5ickne.s~ (z say) of the body, and may be expressed-. 

where C is a constant for any given ~ubahnce, in other words, 
its conductivity. 

It ia by conduction alone that heat is transmitted through 
the metsl of A boiler tube. 

C a n m t h  only occurs in gases and liquids, and may be 
described %s the prooess by which heat is carried throughout 
the mass in virtue of the movement of the particles of the heated 
body. By its means the heat of the gases which are constentIy 
being generated in the furnace is transferred to the boiler tubes. 

Thr: rate of d ihs ion  of heat, from the hot gases to the tubes 
of a boiler depends upon two factors, both of which are dependent 
upon the ditference of temperature between the gas and the 
surface of the boiler tubes. The first factor expresses tho effect 
.of She natural diffusion of the gas, that  is, the heat which would 
be @ven to a, body containing the hot gas while at rest, and 
depends fur any particular gas only upon the difference of 
temperature between the gss and the body receiving the heat. 
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The second factor depends, however, in rsdlditian to the tempera- 
ture difference, upon the density and the velocity of the gas, 
and illcreases with them. 

If H is the h a t  given up in a given the relation is. 
expregscd by- 

where A and B are constants, T and f the respective temperatures 
of the gm arid the surface receiving heat, rc the density, and 
a the velocity of the gas. With the gas velocities usual in 
boilers the first term in the equation Is exceedingIy smell in 
comparison with the second tern, and is not uwdy taken 
into account. 

Thus, generally speakhg, the higher the gas temperature 
snd the higher the velocity of the gases in a boiler, the greatm 
will, be the amount of heat transmitted to the surfaces over. 
which those hot gases pass. 

Radiant kut is anaIogous to light; in that heat can only be 
imparkd from s radiant body in &might lines to surfaces 
which it can " see," so to speak, and the law- of its transmission, 
known as Skfan's law, is expressed by- 

H = C (T4 - t') 
in which R is the quantity of hest received by the cold body 
in e unit of time, and T and t are the absolute temper&tures 
of the hot and cold body respectivefy. The formula, which pre- 
supposcg that the receiving body totally sursouri& the source of 
radiant heat, is evidently not dosely applicable to  calculation^ 
for pmckical boiler work, but it serves to give an idea of the 
inff uences dec t ing  the transmission of heat by this method. 

Considering now a water-tube boiler of the Yarrow or any 
other type used in the Service, it need hardly be said $hat those 
tubes adjacent to  the furnace are most se-verely heat-stressed, 
Not. only do they receive more heat by way of convection owing 
to the higher temperature of the gases to  which they are exposed, 
but $heir exmsure to  the radiant heat of the burnins fuel in the 
furnace and1 the glowing brickwork and furnace fitLgs, entails 
their receiving practicdly a11 the heat from this source, and 
in practice they transmit therefore ta the water a very large 
propodion of t he  heat generated by the combustion of the fuel. 

The degree of forcing to which water-tube boilers can be 
aubj&d depends-presupposiag a satisfactory circulation of 
water in the boaer (which ia of the utmost importance)-upon 
the temperature which the metal of the boiler tube can be 
allowed to akhin without sensibly prejudicing ib strength or 
eavsing ib detoriorsbtion. Tn accordance w i t h  the laws of 
conduction the 'temperature of the gas and water sides of a 
boiIer tube wdI  be different, the difference depending in any 
ewe upon the amount of heat being received. The temperature 
on the water side of the tube will also be higher than the water 
containd in the tube, the difference being deperident upon the 



readiness with \t*hich the heaE ie p a d  on from the metal h 
the wahr as ~t~e l l  W upon .the h a t  it receives. Evidently, 
the greater the amount of .heat received by a tubs the more 
intense will be the evaporation inside and therefore the greeter 
the amount of steam generated on the surface. S b m  ki 
inferior to water as a oondactor of beat, and tubes receiving 
the  gmtxst amount of hea$ consequently have greater difficdky 
in passing the heat on, hnd theif temperature will be higher 
fbr both reasons. 

We have. aeen that the fire rows of tubes n i l 1  receive more 
"heat than other rows in a boiler, and anything that can be done 
to reduce the disproportionate amount of heat received by 
$he fire M)'W tubes wjll add to the durability of the tubes or 
.alternatively will allow, for the same degree of durability, the 
boiler to be more highly forced. 

Examination of the svbvaiIable mulkq of boiler experiments 
appears to show that the first fire rows of tubes in an oil-fired 
Yarrow boiler when run at the rates now usual in T.B.D,'s 
receives approximately 54 per cent., and the second fire row 
receives 13.5 per cent. of the total heat given up to  the boiIer, 
while the last row of tubes receives e ve y mall amount. Of 
the heat received by each of the two fire-row tubes, it is estimated 
that 58 per cent,. and 38 per cent. rewpectively is received as 
radiant heat. 

It requires to  be noted that the above estimates are partly 
based on observations of high gas tempemtures, the acccursecy 
of which is open to question by reason of the dificnlty in 
obtaining reliable madmgs, especiaIIy in the prefientle of sources 
of radiant heat, and further some uncertainty tht the readings 
so observed are representative of the mean gas temperature 
for the full bngth of the boiler. The figures given should 
oonsequently be taken as repremning the probable order of the 
respective qusntities of h e t  rather than precise values. 

Fig. 1 shows the ordinary arrangement of fire-row tubes, 
and Fig. 2 shows a re-arrangement which h= been designed 
with a view to diverting some of the heat ordimwily received 
by the fire-row tubes to tubes further in the tube nest, thus 
obtaining s better average absorption of heat in all the tubes 
in the boiler. 

The heat received by the first fire-row tubes from the hot 
gases (ss distinct from that received by radiation), employing 
the figures refemed to  above, is about 23 per cent. of the total 
heat received by the whole boiler. The heat trmsmittd in 
$his way v~ries 8s the temperature difference, as the density 
of gas and as the velocity of the gm. If the velocity of the 
gases past the fire-row tubes is reduced, the quantity of heat 
giren up should be less. In the re-amgement of fire-row 
hbea, Fig. 2, it will be seen that the m far the flow of gases 
between successive fire-row tubes is appreciably increased in 
oompa;rison with Fig. I, and comequently the velocity of gases 



is redud. and therefore tbe heat transmitted should be leas 
since the &peratme difierence and the density ~hould remain 
unchanged. Similarly, for the m n d  row of fire-row tuba 
the area for flow of the furnace gases is i n c d ,  but not to 
the same extent as the first row, in view of a portion of the 
heat in the gartw having already been given up to the Iatbr. 
It has been estimated that the heat from this source given to 
each tube of *the first fire rows in Fig. 1 should be about halved 
by the reduction in velocity of the gases passing Ghe tubes 
resnlting from the alteration in a. 2. 

ks regards radiant heat it wilI be noticed from Pig. 2 that 
five tubes now receive the dire& rays tha* three tubes would 
have taken in the older arrangement, so that the total mount 
of radiant heat received by the $first row of tubes will be much 
leas than before, even though it is unlikely h t  the re-arrange- 
merit will bad to a mmibly different furaace ternperatwe. 113 
is probable, however, that each individual tube in the first fire 
row wiI1 receive more radiant heat than before, owing to the 
increased surface exposed, but it should be observed that owing 
to this inoreased surface the radiant heat skriking any unit area 
of a tube will not be much altered. There is no obvious reason, 
therefore, why the metal at any point of a tube should be much 
more highly heat-stres~ed due ta this cause tban in the arrange- 
ment shown in Pig. 1. 

On the whole, it has been considered the change in design 
may reasonably be expected to l e d  to  each fire-row tube 
receiving Xem heat than befow, and to improved durability ss 
a result of their lower temperature. 

The change would, however, necessarily be attended by a 
higher temperature of the g m  at Ghe Hth row of tubes if, as 
is expected, less heat i s  received by the fire rows, and c o w -  
quently, were the same arrangement of the small tubes fit&& 
as before, the gasca would leave the boiler at a higher temperature, 
and this would, of course, lead to a reduced boiler efficiency, 
This efiect would probably be small, as the last few rows of 
tubes only each deal with about 2 6 per cent. of *he total heat 
aupplied to  the boiler, but it is somewhat accmtuahd by the 
faet that the extra space taken up by four rows of large tubes 
fitted in the new arrangement necessitates one row of small 
tubes being omitted when the s h n b d  sizes of ateem and water 
dmms are fitted. 

The re-mrangernent of small tubes shorn in Fig. 3, which 
is fikted in conjunction with the arrangement of fire-row tubes 
in Fig. 2, has been designed with the object of improving the 
efficiency of this part of the heating 8ystem. As the furnace 
gases pass on through the tube ~ y s t e m  their temperature ia 
reduced, rand therefore their volume in proportion to their 
absolute tempemturn at any point. In the ordinary lay-out of 
tubes in tbe Yarrow boiler, the area for the flow of g- ;between 
the small tubes ia constant until the b d e  fitted over the last 







row of tubes is reached, when it becomes muoh duced.  Them- 
fore as the volume of the g-s dmmam the velocity decmwea, 
and with it athe rate of heat transmhion, up to the laat row on 
tuibea where the velocity is again considerably increased by the 
baffle. 

It is not p088ible in praoti-l boiler design to provide entirely 
for the area for Ihw t4 proportioned throughout to ths 
changing voIme of the W. For one thing, an adequate 
proviaion h= tO be left in the cooler part of the tube ~yshrn to 
give sufficient downcorner area, and further any very marked 
diminution in the aress wodd entail an increased air pressurn, 
by reason of the increased mishnce to flow, whioh might 
outweigh the improvement in efficienoy resulting from the 
impro~ed heat transmission. 

In ;the arrangement shown h Fig. 3, commencing at the 
ninth row, one tube is omitted for eaoh succeeding row, in 
effect cutting out the Gubes at the outer aorners of the Gabe 
nests, thus giving a ~ucwssiveEy decreasing area for flow which 
amounts at the last row ta a reduction of 15 per cent. as oompmed 
with the eighth row. It is to be noted in passing, that the 
final area so obtained is greater than that realised by the 6affle 
usually fifhed on the last row of tubes, and in the new d&gm 
referred to $he depth of $he baffle is deoreased, and ao mnged 
that in oonjunction with the reduced a m  already provided by 
.the amngemenh of tubes, m aggregate contraction of area of 
30 per cent. is provided ae the last tube row. 

Both the alterations desoribed involve a redaution in the 
heating surface of the boiler which aggregates about 15 per cant 
of that fitted in the original arrangement, and leads to a reduction 
of abouk 6 per cent. of the weight of the boilers. 

Same of the lateat T.B.D.'a are fitted with &S smgement 
of tubea. h the cirrmmatancea obtaining it h= not yet been 
po&ble to carry out boiler efficiency trials to demomfmh what 
is the precise effect on the efiiciency entailed by &he chaqe Etr 
design, but, a far as oan be judged from the usual contractors' 
trials, it appears that there is no noticesble practical difference 
in this respect. A ha1 judgment on the durability of the 
design must, of course, be reserved pending extended experience 
on service. 
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