
TRIALS OF EXPERIMENTAL SUPERHEATER BOILER. 

With the designs of superheaters hitherto fitted in H.M. 
Service as a result of the position of the superheater in relation 
to the generating surface, the superheat a t  full power is only 
about 100" P. at  full power, and moreover the superheat falls 
off rapidly as the output of the boiler is reduced. Under the 
conditions obtaining in the Naval Service, fuel economy at  
low powers a8 well as a t  high power assumes considerable 
importance, and efforts have been accordingly directed to evolving 
a design for a srrperheater boiler which, while providing for 
an increased superheat a t  full power would also yield a sensible 
degree of superheat a t  low outputs. General experience hams 
indicated that degrees of superheat appreciably exceeding 100' F. 
can be safely employed in the designs of turbine inst.allations 
now developed. 

It was decided that the superheat of the projected design a t  
full power should not exceed about 250" F., and with this restric- 
tion the object was to attain as high a superheat as possible a t  
the lower outputs of the boiler. 

An examination of available trial data of small tube boilers, 
including sorhewhat scanty records of gas temperatures a t  
different parts of the heating circuit, and a consideration of the 
heat transfer a t  different parts of the circuit indicated the 
probability that a sensibly constant superheat a t  varying outputs 
of the boiler might be obtained bp fitting a superheater imme- 
diately after the third row (from furnace) of generating tubes. 
It was appreciated that with such a disposition the degree of 
superheat under certain conditions would probably be high, 
but seeing that the superheater would be shielded in the main 
from radiant heat, it was judged safe to try the arrangement 
with the object of gaining preliminary data, particularly as 
regards temperatures. 

Having in view the test-shop facilities available, and for 
reasons of economy it  was necessary to carry out the trial on 
the smallest scale possible, consistent with obtaining reliable 
data for future design purposes, and a partly completed small- 
tube Yarrow boiler originally commenced for use in a mine- 
sweeper was chosen for the experiment. This design was 
intended for 3,500 sq. f t .  of heating surface and was fitted for 
17 rows (athwart) of tubes each side; a small tube Yarrow 
boiler as ordinarily fitted in modern war vessels has 18 rows 
of tubes, and the efficiency of the boiler as obtained on these 
trials and referred to hereafter, making due allowance for the 
influence-of the superheaters, is consequently less than would 
be obtained in an actual insta.llation. as a result of the high 

G. 

funnel gas temperatures which attend the shorter gas circuit. 
The arrangement of the boiler and superheater as first fitted 

is shown in Fig. 1. The superheaters are arranged symmetrically, 



and consist of horizontally disposed rows of " TJ " tubes extentling 
from front to back of the boiler ancl connected at the front to 
rectang~~lar steel headers to which the steam pipes fro111 the 
boiler steam collector and to the boiler stop valve are connected. 
The path of the steam is indcated on the figure from nhich it 
will  be seen that all the steal11 generated in the boiler passeh 
through the superheater tuhes on its way to the boiler stop valve. 
As thus fitted, the generating tube surface was , 7 4 5  sq. ft., 
the superlieatcr surface 382 sq. ft.. and the combilstion chamber 
volume 368 cu. f t .  The boiler was oil-fired, six Admiralty 
pattern burners of G50 lbs. per hour output being fitted. 

Tho results shown in Table I. were obtained during a series 
of short trials intended to  give preliminary data respecting the 
temperatures. 

TABLE I. 

These results corlfirrned in a measure the deductions made, 
and, further, yielded valuttble information as to the temperature 
changes in the gas circuit and the heat transference a t  the various 
stages, but showed that the position of the superheater was not 
a practicable one for everyday use in view of the high steam 
temperatures obtained when lighting up or standing by. It is of 
interest, however, to note that an examination of sample super- 
heater tubes cut out after thesc trials showed that the metal 
had suffered no deterioration, although they had been worked 
a t  .temperatures certainly exceeding 740" F. 

Retaining the superheater in the same position, another row 
of generator tubes was next fitted betwen the superheater and 
the furnace, making four rows irlstcad of three rows as in the 
preliminary trials. Tlle generating tube surface was thus 
increased to  2,974 sq. ft., other things remaining the same. 
A series of efficiency and temperature trials was carried out in 
the test shoj? wit11 this arrangement, with the results shown on 
Table 11. Shale oil was used throughont. The superheat 
obtlzinetl is plotted on an outprzt base in Fig. 2 from wI~ich i t  
will be seen that a fairly high degree of superheat is obtained 
a t  low outputs of the boiler which would lead to a marked 

Text Nu. - - - I 
OiI btu-nedl~cr h o ~ r , l b z . ~  450 
Oil burnet1 per acl. E t .  . 143 

heating surf;~ce per 
hour. 

Stetz~n temperature 'F. 5ti0 
Suptlrlicat - - T. 1.57 
Gas ternp~raturrs 

- l Furnitce side of Suprr- 687 
hi.~f er. "F. 

TJptake clitto - O F .  

UptaBe tomperature°F. 
617 
459 
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reduction in fuel consumption in a Service installation a t  
cruising speeds. 

Samples of the superheater tubes were also cut out for 
examination after these trials and no signs of damage or deteriora- 
tion were observed. 

The recording arrangements of the trial were designed to  
cnsure accuracy in all the essential details and were briefly 
as follows :- 

Water .Measurements.-The feed tank was fitted with a water 
gauge and carefully graduated, arrangements being made for 
filling it as required from two calibrated tanks arranged above 
it. The steam was finally dischargetl to  the atmosphere and 
the evaporation was: measured by the feecl-water supplied. 
The height of thc nater  in the hoilrr gauge glass was noted a t  
the beginning and end of each trial and any variation allowed 
for in the calculations. The boiler was worked a t  the desired 
output until steady conditions had been reached before any 
records were taken. 

Oil Mea,rurement.---The oil supply tank was calibrated and 
fitted with a gauge, and a measuring tank was arranged on a 
weighing machine above the supply tank from which weighed 
quantities of oil could he run to the supply tank. The height 
of the oil in the air vessel on the oil pump discharge was kept 
constant, during the trials. 

Rteam Meas7~rements.-The temperature of t,he steani was 
measured by mercury thermometers a t  the positions where i t  
left the generator and where i t  entered and left the superheaters. 
A throttling calorimeter was fitted on the saturated steam 
discharge from the boiler in order t o  measure the wetness of 
the steam passing to the superheater. The steam calorimeter 
readings showed that  the steam leaving the steam drum before 
entering the superheater was practically dry a t  all powers. 

The pressure in the boiler was kept constant during the 
trials by regulating the opening of the boiler stop valve to the 
atmosphere. 

Gas Mecr.surerneg~ik.--The ga.s ten~peratures were measured 
by nickel-iron thermo couples arranged on n flexible lead to  pass 
through the nests of tubes from the front of the boiler in s w h  
R way that  t,he junction of each thermo couple could he moved 
to any position in the tube nest on a line from the front to the 
back of the boiler. During each trial the readings for each 
pjron~etcr  were tn.ken a t  three positions, these three readings 
1)eing t.aken within 30 seconds of one another. All temperature 
observations were repeated a t  intervals of I5 minutes :- 

(l)  At one-sixth of the length of the boiler from the 
front casing. 

(2) At  the centre of the length of the bniler. 
(3) At five-sixths of the length of the boiler from the  

front casing. 
X 13653 



Separate thermo couples were fitted on each side of each 
superheater, and a t  positions three rows and six rows away 
from the superheater on eacl: side towards the uptake and in 
bhe uptake on each side of the boiler, as indicatecl in Fig. 1. 

The uptake gas temperatures were also ~neastireci by a 
mercury nitrogen thermometer fitted in thc uptake and the 
readings of the electrical pyrometers were checked against it. 

An Orsat apparatus w~ts used for the analysis of the funnel 
gas. The air sripplp was regnlated to give a juht discerrlablc 
discharge a t  the funnel. 

The gas temperatrrres given in Table [I. represent average 
results, but some variation was ohse~,ved between the lempera- 
tures taken a t  the tlirec positions aIong the length of the boiler. 
On each of the low-power tiisls the temperature of the gaseh 
in the nests of tubes was much higher towards the back of the 
boiler than in the centre or front, and as the output of the boiler 
was increased the temperatures became lrlore nearlj- eyrlal a t  
the back and centre, but the tenlpcratnre to\\-artls tlie front 
of the boiler remained lower than a t  thc centre anti back a t  
a11 powers. 

This U-as corlfirlnrd hy oh~ervations of the conditions in 
the furnace,   here i t  was noticed that the flame and hot gases 
from the spraycrs pass ~nairlly through the back portions of the 
tube nests a t  low powers, and indicat8es that a t  low powers most 
of the heat is transmitted to  thc fire row trthes and the tubes 
towards the back of the boiler. 
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