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Purging of Marine Boilers: 
Full-scale and Model Investigations
R. C. F. DYE, M Sc, Ph D, C Eng, F I Mech E
Sim on E ng ineerin g  L abora to ries, U niversity  o f M anchester.

SYNOPSIS
In 1976, an  a u x ilia ry  b o ile r  fu rn a ce  ex p lo sio n  o ccu rred  on  b o a rd  a V L C C  w hen  a tte m p ts  w ere  
b e in g  m a d e  to  re lig h t the b o ile r  du rin g  sa fe ty  va lve  testing. The in vestig a tio n  o f  th is in c id en t  
s h o w e d  th a t it c o u ld  n o t b e  a ttr ib u ted  to  fa u lty  o p era tio n  a n d  w as p r o b a b ly  d u e  to  a g a s  p o c k e t  in 
th e  b o tto m  o f  the b o ile r  u p ta k e  n o t bein g  c lea red  d u rin g  pu rg in g . E x p erim en ts  u sin g  co ld , a ir  f lo w ,  
sc a le  m o d e ls  o f  ty p ic a l m a in  a n d  au xiliary  b o ilers  w ere u n dertaken  u sin g  b o th  f lo w -v is u a lis a tio n  
te ch n iq u e s  a n d  tra cer  gas con cen tra tion  m easu rem en ts. These sh o w e d  that, a p a r t f r o m  certa in  
m in o r  p o in ts , the ty p e  o f  m ain  b o ile r  tested  p u rg e d  w ell a n d  in a rea so n a b le  t im e .H o w e v e r , in the  
a u x ilia ry  b o ile r  u p ta k e  a large, s ta b le  gas p o c k e t fo r m e d  a n d  c lea red  o n ly  very  s lo w ly . S im p le  
m o d if ic a tio n s  te s ted  on  the m o d e l red u ced  the p u rg e  tim e. F ull-scale co m p a ra tiv e  tests o n  a c tu a l  
b o ile r s  w ere  then  ca rr ied  ou t, u sing  a tracer gas tech n ique, a n d  c o n firm ed  in g en era l th e  resu lts  o f  
th e  m o d e l  s tu d ie s  a lth ou gh  certain  d iscrep a n cies  w ere fo u n d . It w as co n firm e d  th a t the e x p lo s io n  
h a d  b een  d u e  to  a p u rg in g  fa ilu re . The in vestiga tion  has a lso  revea led  certa in  a sp ec ts  o f  b o ile r  
d es ig n  w h ich  a re  lia b le  to  cau se p u rg in g  p ro b le m s , a n d  the in a d eq u a cy  o f  the p r e s e n t  B ritish
S ta n d a rd  g u id e lin e s  on  sa fe  p u rg in g  p ro ced u res.

INTRODUCTION
In Ju ly  1976, a fu rnace  explosion  occurred  in the auxiliary bo iler o f  a 

s te am  d riven  300 000 dw t V L C C  during  safety valve testing. A t the 
tim e , the  bo iler was being re-lit (the  fuel in use was unheated  gas oil) in 
o rd e r  to  float the  steam  d rum  safety valve after the supe rhea te r safety 
valve had  b een  successfully tested  and gagged. T he investigation of 
th is inc iden t show ed  th a t the  cause could not be a ttribu ted  to any 
d e p a r tu re  from  estab lished  co rrec t opera ting  p rocedures. F u rth e r, the 
d am age to  th e  bo iler ind icated  an explosion of residual gases in the 
b o tto m  o f  the  u p take  gas space (ie, the space betw een the last row of 
tu b es in the  genera tin g  bank and the en trance to the uptake ducting to 
th e  su p e rh e a te r) . T h e  explosion investigation rep o rt concluded that a 
fa ilu re  effectively  to  purge the  uptake gas space o f  fuel was probably 
responsib le  fo r the  incident.

S ubseq u en tly , m odel testing  o f boiler purging was undertaken  at the 
Sim on E n g in eerin g  L ab o ra to ries , U niversity  o f M anchester. This 
p a p e r  is a re p o rt on  the  m odel studies and also on actual full-scale 
pu rg e  tests w hich w ere la te r thought to  be advisable. T he m odel 
stud ies concern ed  bo th  m ain and  auxiliary boilers. The auxiliary boiler 
design  tes te d  w as th a t w hich had experienced the explosion. O n the 
o th e r  h a n d , the  m ain bo iler type chosen for test was one which had 
g iven no  significant purging prob lem s in service.

T h e  advan tag es o f  the sm all-scale m odel approach  in investigations 
o f  th is type are  clear. M any w eeks o f m odel test runs may be m ade for 
th e  eq u iv a len t cost o f  one d ay ’s full-scale w ork. A lso, and perhaps 
m o re  im p o rtan t, m any m inor changes may be m ade to  a m odel and 
te s te d , w hereas it w ouid be quite im practical to  do this on full-scale 
p lan t.

H o w ev er, m odel experim ents are sub ject to a range o f generally 
w ell-unders tood  e rro rs  and  som e aspects o f  the real situation may be 
b eyond  rep re sen ta tio n  in a sm all m odel. Som e check on the results in 
fu ll-scale is th e re fo re  desirab le . Extensive full-scale tests, using a 
tra c e r  gas, w ere th ere fo re  carried  o u t, partly  to check the validity of 
th e  m odel results. T he availability  o f  com parable  m odel and full-scale 
d a ta  considerab ly  enhances the value o f the overall investigation.

1.0 MODEL STUDIES
1.1 Form  o f  models and prototypes chosen

B oth  m ain  and  auxiliary boilers w ere m odelled  on those fitted on 
b o a rd  th e  ship in question . T hey w ere designed by F oster W heeler
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P ow er P roduc ts L td , and  built u nder licence by the M itsui S hipbuild­
ing an d  E ngineering  C o  L td , o f  Japan . T he m anufactu re rs ' draw ings of 
th e  bo ilers w ere  used  as a basis for the  m odels.

A  scale o f  1 to  12.5 was chosen as this resu lted  in m odels o f 
c o n v en ien t size and  also allow ed som e easily ob ta in ed  m aterials to  be 
used  to  rep re sen t bo iler tubes. T he m odels w ere designed so th a t cold, 
a tm o sp h e ric  p ressu re  air flow could rep resen t the  com bustion  air flow 
in th e  purge  m ode. W ater flow m odels w ere considered  because they 
w ould  have had  less R eyno ld 's N um ber e rro r  b u t w ere not used 
because  o f  the  increased  cost o f  m anufacture and com plexity o f 
o p e ra tio n .

1.2 The main boiler model
T h e  m ain  bo iler m odel, which is the sim pler o f  the two types to 

m ak e , w as p ro d u ced  first. T he p ro to type  is an ESD  III type m ain 
b o ile r, ro o f fired  w ith four registers. Fig 1 show s a sim plified sectional 
d raw ing  o f  the  bo iler and  Fig 2 pho tog raphs o f  the  m odel.

T h e  m odel consists essentially  o f  a box built from  clear Perspex 
sh e e t to  follow  the  in terio r shape o f  the  bo iler gas spaces. T he m odel is 
restr ic ted  to  the  region betw een  the b u rn er inlets in the furnace roof 
th ro u g h  to  th e  u p tak e , on  a level with the  steam  d rum . T he rem ainder 
o f  th e  u p tak e  du c t w ork , econom izer and stack w ere not included as 
th ey  w ere  o u tside  th e  regions o f  p rim ary  in terest and would not affect 
th e  basic flow in these regions.
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FIG 2 M a in  bo iler m odel: th e  pro to type
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In  the  E S D  III bo iler the screen  tubes p resen t a solid b arrier to  the 
gas flow  from  th e  steam  d ru m  dow n to  ju st below  the  secondary 
su p e rh e a te r , and  in the  m odel they  w ere rep resen ted  by w ood and 
P ersp ex  b locks o f  the  co rrec t ex ternal shape. O nly  in the  low er region 
o f  th e  su p e rh e a te r  sc reen  and its connection  to  the  w ater drum  was it 
necessa ry  to  re p re se n t individual tubes. T ubing  within 2 p er cent o f the 
co rre c t scale size was used  and the  num ber o f tube rows ad justed  to 
m ain ta in  th e  co rrec t flow blockage.

G as  flow in th e  u p take  ov er the  su p e rh ea te r  banks m ust be generally 
ax ia l, w ith o u t sw irl o r  cross-flow s, so it w as not though t necessary to 
m odel ind iv idual tub es in these banks. In stead , w hole pendan ts were 
re p re se n te d  by p la tes  para lle l to  the  flow d irection , thus very much 
sim plifying co nstruction  o f  the  m odel.

1.3 Main boiler flow system
A ctu a l d e ta ils o f  the  w ind box and  registers w ere no t rep resen ted  on 

th e  m odel as th is w ould  have req u ired  unnecessarily  com plex m odel 
w ork . T h e  reg isters w ere rep re sen ted  by tu rned  brass units m ounted  
th ro u g h  the  fu rnace ro o f a t the correc t 10° inclination. In these the 
d ischarge  th ro a t and  quarl w ere accurately  rep resen ted  and preceded 
by  a fairing  section  to  m atch  up to  the  ducting  used  in the a ir supply 
system .

T h e  flow system s fo r th is m odel consisted  o f  a small centrifugal fan, 
co n n ec ted  to  ductw ork  con ta in ing  the  necessary in take, con tro l valve 
an d  orifice p la te . T he fan unit w as connected  to the m odel by flexible 
tu b e  and  a  sim ple m anifo ld  used to  d istribu te  the flow am ongst the  four 
reg isters. T ests  show ed  this d istribu tion  was even w ithin 5 p er cent. 
T h e  reg isters could  be rem oved  and  rep laced  by plugs so th a t the 
m odel cou ld  be run  using any com bination  o f  the  four registers. For 
m o st o f th e  test p ro g ram m e, sw irlers w ere no t fitted .

1.4 M odel test procedure
1.4.1 F low  visualisation

T h e  m odel w as m ade largely o f Perspex to  allow visualisation o f the 
gas space flow p a tte rn s. T o  investigate purging, the  m odel was initially 
filled  w ith sm oke and  then  p u rged  w ith clear air. Fig 3 show s the 
idealised  flow p a tte rn  fo r the  cen tral regions w hen purging w ith all 
reg isters. C ine film  o f these resu lts has been ob ta ined .

is an ESD III, roof fired w ith  four registers
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A s ex p ec ted , th e  visualisation results show th a t the  E SD  III type of 
bo iler purges well. H ow ever, two points o f in terest em erge. Firstly, 
th e  basic re-c ircu la tion  pattern  from  the furnace floor region back up 
to  th e  ign ito r location  show s that vapour boiled off any fuel spillage on 
th e  re frac to ry  floor o f  the  furnace would be fed directly to  the source of 
ignition  on re-lighting . Secondly, the upper region o f  the furnace, near 
th e  steam  d ru m , is the last a rea  to be purged. T here  was no evidence of 
any gas p o ck e ts  in the  regions o f the uptake as m odelled.

1 .4 .2  G as concentration tests
T h e  second  (and  m ajo r) series o f tests carried  out with the main 

b o ile r m odel com prised  m easurem ents o f  the concen tration  o f carbon 
d io x id e , w ith w hich the  m odel was pre-filled, a t various points in the 
b o ile r  gas spaces during  a sim ulated  purge. T he C O , was used to 
re p re se n t u n b u rn t fuel, p roducts o f  com bustion , e tc, supposed to be in 
th e  b o ile r  a t th e  s ta rt o f  the  purge.

T o  d e te c t C O , co n cen tra tio n , a com m ercial instrum ent sold for leak 
d e te c tio n  w as em ployed . This opera ted  on a  com parison o f the 
th e rm a l conductiv ity  o f  the  test sam ple with a “ clear a ir” source. O n 
ca lib ra tio n  th is in stru m en t was found to give an o u tpu t linearly related  
to  th e  c o n cen tra tio n  o f C O , prov ided  tha t certain  secondary effects 
w ere  e lim in a ted . T h e  d e tec to r  w ithdrew  its sam ple from  the m odel at a 
ra te  o f  ab o u t 3m l/m in  and  thus had  only a  very sm all effect on the 
m o d el flow  b alance . A  tran sp o rt tim e delay of about Is was involved in 
d raw in g  th e  sam ple th rough  the s tandard  p robe to the detec to r head.

M e asu rem en ts w ere m ade a t each o f 32 locations (in 6 groups) o f the 
m o d el as show n in Fig 4. Som e o f these readings w ere taken  at the 
su rface  and  o th e rs  a t the  scale equivalent o f 0.3m  or 0.6m  in to  the 
b o ile r. In all cases the  m odel w as pre-filled under zero  flow conditions 
w ith  C O , up  to  ab o u t 60 per cent concen tration . The m odel fan and the 
o u tp u t  ch a rt reco rd e r  w ere then  sta rted  sim ultaneously and C O , 
co n c e n tra tio n  against tim e graph draw n autom atically , (see Fig 5). In 
m ost cases th e  m odel was o p e ra ted  in real tim e, that is, the fan caused 
th e  sam e n u m b er o f  volum e changes o f the furnace per unit tim e as in 
th e  rea l case.

Table I gives the  resu lts ob ta in ed , all for a flow equivalent to  100 per 
cen t com bustion  air, using all four registers. T he in terp re ta tion  o f the 
resu lts in te rm s o f abso lu te  explosive limits proved difficult. H ad the 
m axim um  likely co ncen tra tion  o f  fuel vapour in the  boiler before 
pu rg ing  been  know n, it w ould have been simple to sim ulate this and 
th e n  to  d e te rm in e  th e  tim e requ ired  to  purge dow n to the safe 
exp losive lim it. H ow ever, as no specific inform ation  on the likely 
initia l cond itio n  was availab le , the results were analysed in term s of the 
tim e  req u ired  to  reduce  the initial a rb itrary  concen tration  in a series o f 
stages dow n to  1 p er cen t o f  the starting  value. This time is likely to be 
an  over-e stim ate  o f  the  purge period  requ ired  in practice.

F o r m any o f  the  test poin ts in the furnace roof and uptake regions.
FIG 3 Idealised basic flo w  pa ttern  fo r centre of m ain boiler 
m ode l (all registers in use)

drum t

ontrol

furnace roof from above

furnace floor from below

full-sca le

• • • •
11 12 13 K

• • • •
18 17 16 1b

drum t

# -  model 
x —full-scale

FIG 4 S am p le  po ints for m ain boiler and m odel te s t locations
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th e  co n cen tra tio n  rose initially and  then  fell aw ay. T his result was to  be 
e x p ec ted  due  to  the  non -hom ogeneous initial d istribu tion  o f C 0 7.

A ssessm en t o f  the d a ta  given in T able 1 show s m arked  differences in 
p u rg e  tim es fo r closely neighbouring  test locations and  even betw een 
m u ltip le  tests a t the  sam e location . T hese d iscrepancies are presen t in 
th e  sh a p e  o f  th e  purge curves as well as in the  u ltim ate tim es needed  to 
reach  a given concen tra tion . A lthough  p art o f  this variation  m ust be 
d u e  to  exp erim en ta l e rro r , it should  be rem em bered  th a t the unsteady 
an d  sw irling n a tu re  o f  the  fu rnace flow will lead to  a certain  am ount of 
ra n d o m n ess  in the  real purge perfo rm ance. It is doubtfu l w hether 
su ffic ien t resu lts have been  tak en , for abso lu te  faith  to  be placed in 
av erag e  values. H ow ever, these resu lts do give certain  fairly clear 
ind ica tio n s o f  purge  requ irem en ts .

In g en e ra l, the  fu rnace ro o f area  requ ired  longer to purge than 
e ith e r  the  fu rnace floor o r the su p e rh ea te r  space (R egion 2). F urther, 
th e  ro o f  a rea  by th e  steam  drum  is slow er to purge than  the  region 
b elow  th e  reg isters and  these  findings w ould have been expected  on 
th e  basis o f  the  flow visualisation experim ents.

T h e  u p tak e  reg ions (3, 4, and 5) generally  purged clear afte r the 
fu rn ace  floo r bu t before  the  ro o f area . A t first sight this appears 
s tran g e  as all the  co n tam in an t m ust leave the  bo iler via the  uptake. 
H o w ev er, the  ro o f co rn er region is sm all com pared  w ith the furnace as 
a w ho le  and  th e  reg isters are  supplying relatively large air flows, so that 
th e  m ix tu re , fo rm ed  by the  slow clearance o f this region and passing 
th ro u g h  the  u p ta k e , m ust have a very low concen tra tion  o f  C 0 2.

It ap p e a rs , th e re fo re , from  bo th  flow visualisation and gas 
co n cen tra tio n  tes t resu lts , th a t the  critical a rea  for purging is the 
p o c k e t fo rm ed  by the  in tersec tion  o f  the  screen tubes, steam  drum  and 
fu rn ac e  roof. H ow ever, the  resu lts do  n o t give any serious cause for

T a b le  I A nalysis o f purge tim es  fo r m odel m ain bo iler*

Location Time (s) to reduce to given % of 
initial concentration

Surf. 0.3m 0.6m 50 20 10 5 2 1

01 7 11 14 21 27 45
02 7.5 14 19.5 24.5 29 35
03 5.5 12.5 15.5 25 33 50
03 7.5 14.5 21.5 27 32 40
04 6.5 11.5 15.5 19.5 27 35
04 8 12 16.5 21 31 45

04 8 13 17 22 28 40
05 8.5 14 18.5 23.5 35 50
06 7.5 13.5 16 20 27 40

06 6.5 11 15 19 23 40
06 6.5 11.5 13 19 22 50
06 6.5 11 17.5 24 30 40
06 6 11 15 20 25 40

06 6.5 12.5 16 19 28 40
07 7.5 11.5 16 20.5 25 35

07 7 11 14.5 19.5 27 40
08 7.5 12 16 22 29 40

08 7 11.5 16 21 27 35
08 7 12 16 22 26 45

11 4 8 15 23.5 34 40
12 4.5 8.5 12.5 20 34 40
13 7 9.5 13 16.5 21 28
14 7 10 13.5 17 24 32
15 5.5 9.5 12 18 25 28
16 2 4.5 10.5 15 21 27
16 4 8 16.5 23 29 33

16 3.5 8.5 15 23 31 35
17 4 8.5 13 16.5 22.5 30
18 7.5 10.5 15 19 25 27

21 7 12 16.5 20.5 23 25
22 6.5 12.5 15.5 19 22 32
23 7 12 16.5 20.5 25 28
24 5 9 12.5 18 24 30

25 7.5 11 13.5 19 24 27
26 8.5 13 16 21 24 30

27 7.5 11 13.5 18.5 24 35
28 7 10 15 22 28 32

31 7 12.5 18.5 23.5 27.5 30
32 5.5 11.5 15 18.5 27 35
33 7 13 19 25 31 40
34 6 10.5 15 19 25 30

41 7.5 12.5 17.5 21.5 25 30
42 8 13.5 16.5 21 24 35

51 8.5 12.5 17 22.5 32 55
52 8 13.5 18.5 23 28 34

* (1 0 0 %  flow , all registers—  but note that this flow  is 90.21%  of the "fu ll" flow  for the 
equiva lent full-scale test). Test locations are shown on fig 4.
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co n cern  since a  typical purge tim e is one m inute a t 100 per cent air 
flow , fo r th is type  o f  boiler.

1.5 The auxiliary boiler model
T h e  bo iler m odelled  is an  E SD  A uxiliary type with two registers and 

side wall firing. Fig 6 show s a sim plified section o f the  actual boiler and 
Fig 7 a p h o to g rap h  o f  the  m odel. In scale, general form  and m aterials 
o f  co n s tru c tio n , the  m odel is identical to that o f  the m ain boiler 
describ ed  ea rlie r. H ow ever, it was necessary to  rep resen t all the 
ind iv idual screen  tubes.

A g a in  the  n u m b er o f  tu b e  rows was ad justed  to  m aintain the correct 
b lockage w hilst com pensating  for slight inaccuracy in scale size. The 
m odel flow  system  was also sim ilar to  th a t used for the m ain boiler 
ex cep t th a t, in view o f the  low er flow rates requ ired , a gap-m eter 
(ro ta m e te r)  w as used to  indicate flow rates.

1.6 Auxiliary boiler model tests
B asically  th e  sam e test p roced u re  as fo r the m ain boiler m odel was 

em p lo y ed , excep t th a t the  visualisation results ob ta ined  w ere so clear 
th a t it w as only  necessary  to  m ake confirm atory  tests by the C O , 
co n cen tra tio n  techn ique a t one po in t in the last region to  be purged. In 
th e  v isualisation  tests the  fu rnace and  upp er regions o f the uptake 
c lea red  qu ite  rapid ly  b u t a  large and very stab le  sm oke pocket 
rem ain ed  in the  bo ttom  o f the  up take  as show n in Fig 6.

T h is reg ion  is sh ie lded  by the  w ater drum  from  the m ain flow in the 
b o ile r an d  c lea red  only very slowly over a period  o f  m any m inutes o f 
pu rg ing . T he last residual p o cket was at the b u rn er end o f this space. 
A s in the  p rev ious case , a  cine film record  o f the purging process was 
m ad e  b u t, as th e  process w as so clear and stable , an alternative record 
w as ta k e n  in th e  form  o f  a sequence o f still photographs. Fig 8 shows 
e x trac ts  from  th is sequence  fo r 15s and lm in  afte r sta rt o f  purge.

By tak in g  m easu rem en ts  from  the full sequence o f  pho tographs, the 
vo lum e o f th e  residual gas pocket was estim ated , and Fig 9 shows the 
fo rm  o f  th e  d ecrease  in th is volum e with tim e. Small quan tities o f 
sm oke rem a in ed  in the  m odel for up to  8 min at the full purge rate.

1.7 Visualisation tests on modified auxiliary model
A  series o f  possib le m odifications to  the  in ternal shape o f the  boiler 

gas space in the  critical reg ion , as show n in Fig 10, w ere tested  by the 
v isualisation  techn ique. T ab le  II show s the resulting purge tim es. It 
can  be seen  th a t various ways o f  filling the dead  space , with o r  w ithout 
d e flec to r vanes, p ro d u ced  an acceptable  purge tim e. Figs 8 and 9 show 
a  c lea r com parison  betw een  the  “ as bu ilt” condition  and the 
m o d ifica tion  p ro p o sed  by the  m anufactu re r, follow ing discussions of 
ea rly  test results.

T h e  p erh ap s  m o re  obv ious so lu tion  o f  a secondary fan to  purge the 
d e a d  space w as n o t te s te d  as it was understood  th a t the  com plications 
o f  such a system  w ould  be undesirable  and a “ passive” m odification 
m uch  to be p re fe rred .

1.8 Accuracy o f the model simulation
M odel tests o f  th e  type described  are  know n to be subject to several 

e r ro rs . T h e re  m ust be approx im ations and in m odels o f the type used 
m uch fine deta il in the  actual p lan t canno t be reproduced  in the m odel. 
In  a geom etrically  sim ilar m odel, such as those used, scale effects mean 
th a t th e  ra tio s o f  velocities a t d ifferen t poin ts m ay not be correct. 
G en e ra lly , m odel tests are  run  at an incorrect R eynold’s N um ber 
a lth o u g h  ex p erim en ts  w ith the existing m odels a t various flow rates 
have  n o t show n any conclusive evidence o f this effect.

B oth  m odels w ere m ade w ithou t sw irlers, thus introducing a further 
possib le  e rro r . T o  investigate this, partly  represen tative swirlers were 
m ade. V isualisation  tests on  the  m ain bo iler m odel show ed that the 
sw irlers slightly increased  the sp read  o f  the inlet je t, but no difference 
cou ld  be d e tec ted  in the  genera l purge perfo rm ance. T he addition of 
b o th  righ t and  left-hand  sw irlers to the auxiliary bo iler m odel had no 
n o ticeab le  effect on  the purge behav iour either.

In n e ith e r  m odel w as it possible to  sim ulate bouyancy effects 
resu lting  from  heating  o f  the  gases by the furnace walls. Such effects 
m ay be significant in the auxiliary bo iler as, w hen the m odel was 
inad v erten tly  exposed  to  considerab le  heating from  photographic 
lights, the  resu lting  natura l convection  tended  to destroy  the otherw ise 
stab le  n a tu re  o f  the residual gas pocket.

A s the m odel w ork had  pred ic ted  that an unacceptably long purge 
p eriod  was likely to  be requ ired  for the auxiliary boiler, the full-scale 
tes t w ork  described  in the  nex t section  w as u n d ertaken . T he aim s o f 
th is study w ere , firstly to  confirm  the m odel findings and , secondly, to 
d e te rm in e  the m inim um  purging tim es requ ired  fo r these boilers.

FIG 7 A ux ilia ry  bo iler m odel (a rrow s sh ow  directions from  
w h ich  v ie w s  in Fig 8 w e re  taken)

Ta b le  II Purge tim es  from  m odel v isualisation fo r th e  auxiliary  
b o ile r w ith  th e  m odifica tions show n in Fig 10.

Arrangement
No.

Class of modification Purge time (min) at 
100% flow, using 

both registers

as built — 6 to 8
1 raised floor 2Vz
2 2 Vi
3 inclined ramps 2Vz
4 2
5 V/z
6 V/z
7 V/.
8 1
9 deflection vanes 2 Vz to 3

10 3
11 V/z
12 1
13* 1
14* 1 to 114
15 prismatic deflectors 1 Vz to 2
16 1
17 1 to 1V4

"modified" raised floor with
inclined section I 3/.

•small secondary vanes fitted normal to the vane shown on Fig 10.

2.0 FULL-SCALE TESTS
2.1 Boiler types tested

Full-scale tests w ere carried  ou t on m ain and  auxiliary boilers o f  two 
typ es fo r the  reasons given in the p revious section . F irstly, the Foster 
W h ee le r P ow er P roduc ts types w ere tes ted  on the  ship which suffered 
th e  orig inal auxiliary bo iler explosion  (these  w ere also the  actual 
bo ilers m odelled ). A t a la te r da te  sim ilar tests w ere m ade on the 
B abcock  an d  W ilcox m ain and  auxiliary boilers o f  an o th e r ship o f 
ab o u t th e  sam e size.

T h e  tests w ere arran g ed  and  conducted  by personnel from  Shell 
R esearch  L td  (T h o rn to n  R esearch  C en tre ) and Shell In ternational 
M arine  L td . T h e  a u th o r w as p resen t a t the tests on  the F oster W heeler 
bo ilers.
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after 15s purge  
le ft, as bu ilt 

righ t, m od ified

afte r 60s purge  
left, as bu ilt  

righ t, m od ified

FIG 8 S m o k e  v isualisation  o f auxiliary bo iler m odel: m odel pre-filled w ith  sm oke then purged at 100%  flo w  (both registers)

FIG 9 A u x ilia ry  bo iler m odel residual gas pocket vo lum e
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FIG 10 M o d ifica tio n s  to  base o f up take tes ted  on auxiliary  
bo ile r m ode l (see 'd e ad ' space. Fig 6)



2.2 Full-scale test technique
T h e  tests w ere , in bo th  cases, conducted  at the end of a re-fit period 

w ith  th e  bo ilers cold , b u t w ith pow er available to  o pera te  the forced 
d rau g h t fans. T he fans w ere run  a t various flow rates tha t were 
m easu red  using the  s ta n d a rd  in strum en ta tion  fitted  to  the ship.

A gain  a  trace r  gas techn ique was used. In view of the very large 
vo lum es involved, a trace r  w hich could be detec ted  at very low 
concen trations was necessary. Sulphur hexafluoride (SF6), supplied at
10 per cent concen tration  in n itrogen, was used as it was readily 
available and  could be recorded a t concentrations dow n to  1 p a rt in 
10* by the detecto r used and was heavier than  a ir. This com m ercially 
available leak detecto r opera to rs by electron cap ture  and em ploys a 
nickel-63 source. The detecto r includes a small suction pum p which 
draw s a  continuous sam ple th rough  the in strum ent. Its o u tp u t is an 
electrical voltage p ro p o rtio n a l to  S F 6 concen tration ; th is was recorded 
on a  m ulti-pen chart recorder.

Six such d e tec to rs  w ere em ployed , each connected  to the 
a p p ro p ria te  tes t location  by equal lengths o f nylon tubing so that the 
tra n sp o rt tim e delays w ould  be equal for all. T he  sam ple tubes were 
secu red  in the  chosen p laces by a system  of w ires and m agnets.

It d id  no t p rove possible to  carry ou t the  full-scale tests in the same 
m an n er as th e  m odel tests fo r various technical reasons. In all the cases 
re p o rte d  h e re , trace r  gas w as in jected  a t a steady ra te  into the forced- 
d rau g h t fan in tak e  w hilst the  fan was run  a t the requ ired  test condition, 
giving a co n cen tra tio n  o f  20 parts p er m illion a t the registers. Injection 
w as co n tin u ed  until all the  d e tec to rs show ed full-scale deflection on 
th e ir  m o st sensitive range (which corresponds to  a SF6 concentration  
o f  approx im ately  4 ppm ).

T h e  tra c e r  gas supply was then  tu rn ed  off and the decay of the SF6 
co n c e n tra tio n  a t th e  various test locations, relative to one detec to r in a 
reg is te r , w as m o n ito red  until all the detec to rs show ed a concentration  
o f  less th an  5 p e r  cen t o f  the  original value, w hen the bo iler was 
co n s id e red  to  be purged .

2.3 Test locations and results
2 .3 .1  E S D  l i t  m a in  boiler

M odel tests had  show n th a t the  existing 50s purge period  was 
p ro b ab ly  ad eq u a te  to  clear th e  bo iler fu rnace, w ith the exception of 
o n e  a rea  n e a r  th e  steam  drum . U nfortunate ly  it proved im possible to 
reach  th is a rea  w ith the  equ ip m en t available. A lso, a m inor explosion 
had occu rred  in the superhea te r/eco n o m iser section o f this boiler, so it 
w as d ecided  to  co n cen tra te  the full-scale test locations in this region.

T h e  po in ts chosen are  show n on Fig 4. N ote th a t, in this and all the 
o th e r  tests , one sam ple poin t was placed in a b u rn er register to give a 
tim e re fe ren ce  fo r estim ating  the purge period . A  typical o u tp u t trace 
is show n in Fig 11 with the  pen 's tag g er’ rem oved, and the results are 
p re sen ted  in T ab le  III . N ote  th a t on Fig 11, ‘con tro l’ is the detec to r in 
th e  reg ister; the  d irec tion  o f  change in the  graphs depends on the 
w iring po larity  (all co ncen tra tions fa ll  at positive tim es), FM  2 shows 
also  th e  falling phase  a t -15s.

It can be seen  th a t the  m ajority  o f the superhea te r/econom iser 
section  p u rges w ithin 40s, except for the sam ple point in the bottom  
o u tsid e  co rn e r  below  the supe rhea te rs . T here  is no evidence in these 
resu lts w hich w ould explain the  m inor explosion that occurred  near 
test location  FM  4. A lso  the  reduced  flow ra te  causes a corresponding 
increase  in purg ing  tim e requ ired .
2 .3 .2  Foster W heeler auxiliary boiler

A s th e  m odel test had  show n that the bottom  of the uptake space 
w ould  be the  last to  purge , th ree  sam ple poin ts w ere arranged  along 
th e  leng th  o f  th is a rea , all in the  ou tside corner. T o provide 
co m p ara tiv e  d a ta  fo r possible fu rth er m odel tests, two o th e r sam ple 
po in ts w ere arran g ed  in co rners o f  the furnace. T hese locations are 
show n on  Fig 6 and  the test resu lts given in T able IV.

T h e  fu ll-scale  resu lts confirm  the m odel predictions that the base 
a rea  o f  the u p tak e  purges only slowly, requiring a t least 3min at full 
pu rge  flow to  clear. A  deta iled  com parison  of the results is given in 
S ection  3 o f this p ap er. A gain , reduced  flow rates result in increased 
pu rge  tim es, a lthough , in this case, the results do indicate that the 
b o ile r  purges m ore efficiently  (in term s o f  volum e changes) at the 
low er flow rates.
2 .3 .3  B abcock and  W ilcox m ain boiler

T h e  tests on the B abcock and W ilcox boiler types w ere in tended  to 
co m p lem en t the  prev ious tests and not for specific com parison with 
m odel results. C onsequen tly , the test locations w ere d istribu ted  in 
b o th  the  fu rnace and  the  superhea te r/eco n o m iser section as show n on 
Fig 12. T ab le  V  gives the  results ob ta ined  (using the sam e test 
p ro ced u re  as b efo re ).

8

T h e  purge  tim es in the  tab le  a re  significantly longer than  for the 
E S D  III bo iler previously tes ted  as th e  b u rn e r con tro l system  sets the 
p u rg e  flow a t 40 p e r  cen t o f  the  m axim um  com bustion  a ir flow, ra ther 
th an  th e  100 p er cen t o f  the  E SD  III. If these results are  ad justed  for 
flow rate  equ ivalence , th e re  ap pears to  be no significant difference in 
the  purge  tim es.

T h e  co n tro l system  logic sets a m inim um  purge p eriod  o f three 
m in u tes fo r any purge  flow rate  above the m inim um  acceptable  level of 
25 p e r cen t. A t any flow rate  below  40 p e r cen t, location  BM 5 would

------- furnace volume changes

FIG 12 Babcock &  W ilcox type m ain boiler, show ing full-scale 
te s t po ints
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n o t pu rg e  sa tisfactorily  w ithin this tim e, although  in practice a 40 per 
cen t p u rge  flow is alw ays used.

2 .3 .4  B abcock  an d  W ilcox auxiliary boiler
F ro m  Fig 13, it is c lear th a t this bo iler differs significantly from  the 

F o s te r  W h ee le r type in that it is ro o f fired. T he shape o f the uptake 
base  by th e  w a te r  d rum  is also very d ifferen t. T he test locations chosen 
fo r th is bo iler w ere in groups on  the fu rnace and  up take  floor areas, as 
show n in Fig 13. T ab le  VI gives the test results which reflect the design 
d iffe ren ces an d  d o  not show any slow purging region. A t m axim um  
p u rg e  flow , the  m axim um  tim e reco rd ed , lm in  50s, is well w ithin the 
th re e  m inu tes se t tim e fo r this boiler.

3.0 COMPARISON OF MODEL AND FULL-SCALE
3 .1  F oster W heeler main boiler

O p p o rtu n itie s  fo r d irec t com parison  betw een  m odel and  full-scale 
d a ta  a re  re s tric ted  by d ifferences in test locations used. M odel data 
exist m ainly fo r the fu rnace region bu t it was no t p ractical in the 
fu ll-sca le  tests to  install d e tec to rs  in the u pper regions o f  the furnace. 
T h e  fu ll-scale  tes t locations w ere m ainly in the u p take , including one 
(FM 4 in Fig 4) in a region no t fully rep re sen ted  on the m odel. This 
a tte n tio n  to  the  h igher parts  o f  the up take was p ro m p ted  by a very 
m in o r exp losion  w hich o ccu rred  there  shortly  before the full-scale 
te s ts  w ere  m ade.

O n e  fu rth e r  com plication  is th a t the  m odel experim ents were 
c o n d u c ted  a t a “ fu ll” flow ra te , equ ivalen t to  90.21 per cent o f the 
m axim um  flow  o f the  ac tual forced  d raugh t fan , so that due allowance 
fo r  th is m ust be m ade w hen com paring  the  d a ta  in T ab les I and III.

T h e  fu ll-scale  d a ta  o b ta in ed  fo r tw o d ifferen t a ir flow ra tes agree 
ap p ro x im ate ly  w ith each o th e r on  a  p ro -ra ta  basis and  in any case the 
m odel tests show  th a t som e random ness o f the  results is to be 
ex p ec ted . C om parison  o f the  fu ll-scale and the m odel purge tim es for 
fu ll-sca le  location  FM I show s general agreem ent although the test

FIG 13 Babcock & W ilcox typ e  auxiliary boiler, show ing full 
scale te s t po ints

T ab le  III Full-scale purge tim es  Foster W hee ler ty p e  m ain bo iler

Sample point 
(see Fig 4)

Flow Conditions

2400m '/ min airflow* 
(fan speed 1800 rev/min 

vanes full open)

1600mVmin air flow 
(fan speed 1300 rev/min 

vanes full open)

FM 1 24s 36s
FM 2 58s 1 m in  15s
FM 3 40s 53s
FM 4 41s 1 m in  10s

•C o rre s p o n d s  to  100%  a v a ila b le  f lo w .

T ab le  IV  Full-scale purge Foster W hee ler type auxiliary bo iler

Sample point 
(see Fig 6)

How conditions

1 register 
100% airflow

2 registers 
63% air flow

2 registers 
100% airflow

FA 1 2 m in  28s 2 m in  12s 1 m in  20s
FA 2 1 m in  59s 2 m in  13s 1 m in  23s
FA 3 2 m in  41s 2 m in  53s 2 m in  18s
FA 4 4 m in  13s 5 m in  14s 3 m in  2s
FAS 2 m in  33s 2 m in  37s 1 m in  28s

T a b le  V  Full-scale purge Babcock & W ilcox typ e  m ain boiler

Sample point 
(see Fig 12)

Flow conditions (all registers in use)

25% Flow 40% Flow 
(minimum setting) (normal condition)

74% Flow

BM  1 42s 39s 37s
BM  2 1 m in  55s 1 m in  57s 1 m in  50s
BM  3 2 m in 2 m in  2s 1 m in  53s
BM  4 50s to  1 m in  50s 45s to  1 m in  28s 57s to  1 m in  28s
BM  5 4 m in  5s 2 m in  43s 2 m in

T a b le  V I Full-scale pu rg e Babcock &  W ilcox ty p e  auxiliary b o iler

Sample point 
(see Fig 13)

Flow conditions

1 register 
100% airflow

2 registers 
77% air flow

2 registers 
100% air flow

BA 1 1 m in  14s 1 m in  57s 40s
BA 2 1 m in  33s 2 m in  40s 1 m in  3s
BA 3 2 m in  17s 4 m in 1 m in  50s
BA 4 1 m in  31s 2 m in  20s 47s
BA 5 2 m in  37s 4 m in  32s 1 m in  35s
BA 6 1 m in  13s 1 m in  4s 52s
BA 7 1 m in  7s 56s 45s
BA 8 1 m in  31s 1 m in  22s 1 m in  12s
BA 9 48s 38s 26s
BA 10 1 m in  54s 1 m in  25s 1 m in  10s

lo cations d o  no t co rre spond  exactly . T he m odel appears to have 
u n d e res tim a ted  the  purge tim e at location FM3 (betw een  the 
su p e rh e a te rs )  by a sm all am oun t. M odel m easurem ents a t what 
co rre sp o n d s  to  fu ll-scale location  FM 2 w ere no t m ade, b u t longer 
p u rge  tim es m ight well be expected  in this o u te r  co rner o f the uptake.

3 .2  F oster W heeler auxiliary boiler
In  th is case , bo th  m odel and  full-scale tests concen tra ted  on the 

b o tto m  region o f  the u p take  w hich the explosion dam age and the 
m odel tests ind ica ted  as the  critical area . A t first sight, the  agreem ent 
b e tw een  m odel an d  fu ll-scale ap p ears  p o o r, particularly  with regard to  
th e  " u ltim a te "  tim e to  clear the  u p take  com pletely. This was m easured  
as 3 m in fu ll-scale and  over 6m in on  the m odel for the full available 
pu rg e  flow. H ow ever, w hen the  resu lts are  studied  in detail it is found 
th a t, w ith tw o specific excep tions, the  results agree very closely.

A  m ore de ta iled  exam ination  o f  how the pocket a t the  bo ttom  of the 
u p ta k e  clears is necessary  to  explain why the two tests gave apparently  
d iffe ren t results. T h e  first stage o f the purge process, as indicated by
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th e  m o d el, is a g enera l c learance  o f  the  furnace and the  higher parts of 
th e  u p ta k e , leaving a  w ell-defined  and  stable  gas pocket in the  base o f 
th e  u p tak e . T h is p o ck e t c lears slowly and in term itten tly  as small 
vo lum es o f the  gas escape up the  outside wall o f the up take . This 
p ro cess red u ces th e  p o ck e t volum e until an area  o f  the uptake floor 
clears: th is is app rox im ate ly  th re e  qu a rte rs  o f the  bo iler w idth from  the 
b u rn e r  side an d  m idw ay b etw een  tw o o f  the full-scale sam ple points.

T h e  c lea r a re a  th en  sp reads in both  d irections but leaves a  still 
su b s tan tia l gas p o ck e t a t the  b u rn e r side o f the space, w hilst clearing 
tw o  o f  th e  fu ll-sca le  test po in ts. A s the  clearance continues, the 
resid u a l gas p o ck e t co n trac ts  from  both  ends until it is clear o f the last 
fu ll-sca le  m easu rem en t po in t an d  is cen tered  at about a q u a rte r  o f  the 
b o ile r  w idth  from  th e  b u rn e r  wall. A t this stage the  full-scale tests 
w ould  ind ica te  “ b o ile r c lea r” .

T h e  d ifference  b etw een  the  m odel and full-scale clearance tim es is 
th e  tim e req u ired  to  purge away th is last residual gas pocket. It should 
be  rea lised  th a t the  actual volum es o f  fuel vapour which would rem ain 
in the  b o ile r a t this stage are  m inute and  even if ignited , are unlikely to 
cause  d am age. Fig 9 show s th a t by th ree  m inutes the  residual pocket 
vo lum e has fallen  to  below  0.025m3 full-scale.

E x am in a tio n  o f  th e  m odel results show s that the full-scale test 
lo ca tio n  F A 4 , w hich w as th e  last to show “clear” in the  full-scale tests 
a f te r  a  th re e  m inu te  purge , c leared  in the m odel a t tim es varying from
3 to  4V2min. T he sh o rte r  tim es w ere recorded  w hen the m odel was 
h e a te d  by th e  pho to g rap h ic  lights. In view of the d ifferences in the two 
te s t p ro ced u res and  betw een  the  m odel and full scale, such agreem ent 
m ay  b e  consid ered  good.

T h e  first im p o rtan t d isag reem en t betw een m odel and full scale 
co n cern s th e  fu rnace clearance  tim e. T he full-scale test locations FA1 
an d  F A 2 gave clearance  tim es o f  lm in  20s and lm in  23s respectively. 
N o  ac tu a l m odel m easu rem en ts have been  m ade a t these poin ts, but 
th e  fu rnace  w as o b served  to  be generally  clear in a m uch sho rter time. 
F u r th e r  m odel m easu rem en ts are  necessary to clarify this point.

T h e  second  a rea  o f  d isag reem en t concerns the o rder in which the 
th re e  fu ll-scale  tes t locations on  the  floor of the up take  cleared. In the 
fu ll-sca le  te s ts , th e  cen tre  location  cleared  first follow ed by th a t by the 
w all o p p o site  to  th e  bu rn ers . C learance in the reverse o rder was 
o b se rv ed  on  the  m o d e l. T he only explanation  of this discrepancy is that 
on  th e  ac tu a l b o ile r the  cen tre  tapp ing  in the uptake base was located 
close  to  an  angle steel stiffening fram e a round  a recessed access door 
w hich  w as n o t show n o n  the  bo iler draw ings, n o r represen ted  on the 
m o d el, an d  w hich m ight have influenced the  local flow pattern .

4.0 DISCUSSION AND CONCLUSIONS
4.1 M odel investigations

T h e  m odel study re p o rte d  here  d em onstra tes bo th  the advantages 
an d  lim ita tions o f  th e  techn ique. Such tests are relatively cheap and

sim ple to  carry  o u t and  give gu idance fo r any  necessary  full-scale work. 
T h e  m odel study is p robab ly  th e  only practical w ay to  investigate a 
ran g e  o f  design changes to  an o b jec t such as a  boiler. A p art from  
lim ita tions in scale de ta il, severa l aspects o f  the  exact situation  in a 
b o ile r  canno t be readily  m odelled  an d  m ay influence the  accuracy of 
such w ork . H ow ever, it is only th rough  experience gained in 
investiga tions such as this th a t the  reliability  o f  m odel techniques may 
be  d e m o n s tra ted  and  im proved.

4.2 Full-scale tests
B o th  series o f  fu ll-scale tests have p rov ided  sufficient d a ta  for a 

sh o rt te rm  so lu tion  to  th e  prob lem s o f  inad eq u a te  fu rnace purging. In 
som e cases, how ever, the  increases suggested  m ay resu lt in 
u n d esirab ly  long purging tim es and  long term  so lu tions m ay well 
involve bo iler m odifica tions to  change the purging characteristics.

T h e  fu ll-scale  test w ork  u n d ertak en  has prov ided  valuable d a ta  by 
which to  check th e  accuracy o f  the  m odel studies. T he success o f  these 
m easu rem en ts  d em o n stra tes  th a t such tests could be  m ade as a m atter 
o f  ro u tin e  w hen new bo iler designs are  com m issioned. T he publication 
o f  m o re  such purging d a ta  w ould  be valuable.

4.3 The original auxiliary boiler explosion
T h e  resu lts o f this investigation  support the conclusions draw n from  

a n  ex am ination  o f  the  dam aged  auxiliary boiler. T hese  w ere th a t the 
exp losion  resu lted  from  the  ignition o f  a  gas pocket in the  base o f the 
u p ta k e  w hich had  no t been effectively pu rged . T he tes t resu lts show 
th a t a  significant am oun t o f  fuel vapour is likely to  have been  presen t in 
th e  dam ag ed  region o f the  bo iler, depending  in size on the purge 
p erio d  befo re  the  explosion . H ow ever, the exact m echanism  by which 
th is gas p o cket w as ignited  rem ains unclear. T ests on the  m odel do 
show  th a t in th ree  to  fo u r seconds afte r  adm itting  fuel to  the  fu rnace , a 
co m p le te  tra il o f  com bustib le  m ix ture will exist from  the  ignitor to  the 
gas p o ck e t. W h eth er ignition occurred  through  this o r  som e o th er 
ro u te , its p robab ility  m ust have been  low as no o th e r  incident has been 
re p o rte d  from  a nu m b er o f sim ilar bo ilers in service.

T h e  resu lts fu rth e r  show  th a t relatively sim ple m odifications to  the 
u p ta k e  base , to g e th e r w ith a realistic purging p erio d , will rem ove the 
risk  o f  an o th e r  explosion .

4.4 Purging standards
T his investigation  show s th a t the  various bo iler designs tested , 

includ ing  th e  F oster W h ee le r type o f  auxiliary boiler, w hen m odified 
to  red u ce  the  dead  space volum e, req u ire  to  be purged  for 20 to  30 
volum e changes a t 100 p e r cent flow to  achieve acceptable  clearance. 
F u rth e r , it ap p ears  th a t, fo r som e boilers, th e re  m ay no t be any 
a d v an tag e  (in te rm s o f the  volum e o f pure a ir requ ired ) in purging at 
low er ra tes . In view o f these findings, the requ irem en ts o f the relevant 
B ritish  S tan d ard  (see appendix), should  be reconsidered .

5.0 APPENDIX: PURGING, IGNITION AND FLAME FAILURE REQUIREMENTS
E x trac t from : BS 799: P art 4: 1972 Specification for Oil B urning E qu ipm en t (atom ising bu rn ers  ov er 36 litre /h r)

5.1 Furnace pre-firing purge
T h e  p u rp o se  o f  the  fu rnace pre-firing  purge is to  dilute to a safe level 

th e  explosive m ix tu re  th a t m ay be p resen t in the furnace and the gas 
passages o f the  p lan t, and  fo r this reason  a source o f ignition during a 
p re -f ir in g  p u rge  p erio d  is only  allow ed as explained in 5.1.1.

T h e re  shall be a m inim um  delay betw een purging and adm itting any 
fuel in to  th e  fu rnace . T he purge shall be sufficient to  change the 
a tm o sp h e re  o f  th e  fu rnace  volum e a t least five tim es. T he ra te  of 
p u rg ing  shou ld  be  a t least 25%  o f the  full-Ioad com bustion air mass 
flow  to  th e  fu rnace . C onsidera tion  should be given to  increasing the 
ra te  o f  purg ing  to  a t least 50%  o f the full-Ioad air flow when the 
fu rn ace  is very  large, fo r exam ple , in w a te r-tu b e  boilers for pow er 
g en e ra tio n .

N orm ally , the  p re -firin g  purge tim e should no t be less than  15s 
ex cep t in cases w here  it has been  proved under test that the required  
five volum e changes have been  achieved in a sh o rte r p re-pu rge  tim e. 
N O T E : T his sh o rte r  tim e period  applies to special cases such as flash 
steam  boilers.

Purg ing  in excess o f  the  m inim um  a ir changes specified fo r the 
fu rn ace  m ay be req u ired , fo r exam ple, w here the relative volum e of 
convective h ea t tran sfe r  sections, flues and chim neys is la rg e , o r  w here 
th e re  a re  spaces w ithin w hich explosive gases o r vapours may be 
trap p ed .

F u rnace  vo lum e is th e  space in w hich com bustion  takes place, th a t is

to  say, w here  the  fu rnace walls are  sub jec ted  to  direct rad iation  from  
th e  flam e.

A s an  a lte rn a tiv e  o r  as an add ition  to  furnace purging, the 
a tm o sp h e re  o f  th e  fu rnace  m ay be tes ted  to  check the presence of 
com bustib les. If  no com bustib les are  p resen t, then  the  p re-p u rg ed  
p e rio d  can  be o m itted , o r  the  length o f tim e o f  the  p re-p u rg e  period 
a d ju s te d  until the absence o f  com bustib les has been proved . It is 
essen tia l th a t a rep resen ta tive  sam ple o f the furnace a tm osphere  is 
te s te d  and  also th a t the test equ ip m en t is designed so th a t failure o f any 
p a rt o f  th e  eq u ip m en t results in a safe condition .

5 .1 .1  E lectric spark  ignition
E lec tric  spa rk  type ignitors m ay be energized  during  the p re-firing  

purge tim e only w hen all the follow ing conditions are  m et:
N O T E : It is p re fe rred  th a t the spark  is delayed until the atm osphere 
su rro u n d in g  the  e lec tro d e  has been cleared .
(1) T he b u rn e r and  appliance is ven tila ted  by m eans o th e r than  the 

b u rn e r fan during  the  shu t-dow n  period ;
(2) T he b u rn e r  con tro l system  is designed so th a t if a flam e is presen t 

e ith e r  during  the  p re-firing  purge period  o r at 5s after the sh u t­
dow n signal has been  given, th en  the  bu rn e r  shall be locked-ou t;

(3) T he m axim um  sta rting  capacity  o f  the bu rner does not exceed 
110 1/h;

(4) G as is n o t to  be used as an ignitor o r  alternative fuel.
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5.2 Failure to ignite
W hen  th e re  is failure to  ignite a b u rn e r during  a starting  sequence, a 

signal to c u t  o ff th e  oil feed  shall be given within 5s o f oil first en tering  the 
fu rnace . F ro m  th e  m om en t o f  the signal to  cut o ff th e  oil feed, n o t m ore 
th a n  0.1 %  o f  th e  m axim um  hourly  oil flow  shall pass in to  the  furnace.

W hen  th e  firing ra te , th roughou t th e  starting  cycle is less than  36 l/h, 
th e  oil feed  shall be cut off w ithin 15s (see  BS 799: P art 3).
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Discussion.
M R D .S . T U R N E R  (Foster W heeler Pow er P roduc ts L td , R & D 
Dept): F W P P  agrees th a t the principle o f  using m odels is an im p o rtan t 
boiler ‘gas side’ design practice; the  com pany  has consistently  used 
flow m odels over the past 20 or so years, having m ade a ro u n d  100 
m odels o f  d ifferen t types in this tim e using various analysis 
techniques. F igure D1 show s a typical m arine  boiler m odel.

F W P P  prefers generally (though  no t always) to  use w ater flow 
m odels fo r analysing d istribu tion  and  optim izing flows as, w ith 
su itable tracers, it is easier to view flow  patterns. A lso, F W P P  prefers 
to  m odel on a  basis o f reasonab le R eynolds’ num ber sim ulation  than  
p ro p o rtio n a l volum etric flows, because densities on m odel and full 
scale are radically  d ifferen t. W ith w ater flow s, a  reasonably  small 
m odel can  be used; w ith a ir flow s, the m odel o ften  becom es large if 
realistic R eynolds’ num ber and  p ro p o rtio n a l pressure d ro p  m odelling 
is required .

In a  totally-enclosed flow m odel o f  th is type, the flow patterns 
are m ainly governed by a  ra tio  o f  forces w hich are defined  by the 
R eynolds’ num ber o f  the flow . In particu la r, w hen purging ch arac­
teristics are being investigated, it is felt by F W P P  th a t m ixing and 
turbu lence are  the  m ost im p o rtan t criteria  o f  the flow . U nfo rtunate ly , 
an  exact equivalence o f  R eynolds’ num ber is extrem ely d ifficu lt to 
achieve in a  p ractical m odel o f  this type using a ir flow s, and  would 
also be incom patib le  w ith real tim e m odelling.

T he a u th o r ’s use o f  equivalent volum e changes per unit time 
m eans th a t the flow  velocities are reduced in the sam e p ro p o rtio n  as 
the  d im ensions o f  the  m odel, thus ensuring th a t the  tim e periods are 
the  sam e in the  m odel as in the  full-scale boiler. A s can  be seen from  
the follow ing calcu lation , the effect show s th a t the tests were u n ­
dertaken  a t a  significantly  reduced R eynolds’ num ber.

=  and  K(P) =K(m)
Urn) 7 (P )

F or real tim e m odelling T'cm) =  7(p) a n d ^(m) =  ^(p) X 1/(SF) 

thus K(m) =  - J e L

since Re =  X X L  
M

RC(m) =  x T sF F

w here 
L = characteristic  dim ension
V = flow  velocity

r  = density
M = dynam ic viscosity
Re = Reynolds num ber
SF = scaling fac to r

S ubscrip t ‘p ’ denotes p ro to ty p e  variables 
S ubscrip t ‘m ’ denotes m odel variables.

T his affects the degree o f  turbulence and  m ixing w ithin the  m odel 
an d  will therefo re  tend to  predict som ew hat longer purge tim es than  
actually  exist. T h is is borne  ou t by the  a u th o r ’s findings in full-scale 
boiler tests.

H ow ever, F W P P  w ould accept th a t the tests in question  are 
related  to  transien t conditions, and  the techniques used are  reasonable 
in providing a  qualita tive indication; w hereas norm al studies for 
boiler design look  in m ore detail a t flows during  steady-state con­
d itions. F W P P  is still som ew hat d o u b tfu l th a t the m odelling o f  the

FIG D1 Typical m arine boiler m odel

FIG D2 Typical flo w  patterns w ith  ESD -type m arine boiler
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FIG D3 Three- and four-burner roof-fired ESD III boilers

burners is adequate  in the tests reported , and would note that the 
norm al practice o f  FW  is to include swirlers and also, when modelling 
a boiler under operating  conditions, to apply a gauze resistance at 
b urner ou tlet to  represent partly  the rapid  expansion effect o f  the 
f lam e-fron t (this technique is also used by the  CEGB).

F igure D2 show s typical flow patterns w ithin a m arine boiler o f 
the ESD type visualized using these techniques (cf. with published 
result).

F W P P  also feels th a t the unrepresentative density difference 
betw een air and C O ; in the m odel gas concen tration  test w ork may 
significantly affect the results in m easured purging tim e.

It may also be o f  interest to  repo rt previous w ork carried  out by 
FW  on m arine ESD boilers. In 1972, F W P P  R & D D epartm ent 
undertook  a series o f  flow studies on three- and four-burner, roof-

fired ESD  III boilers (Fig D3). The objectives o f  the  tests were 
fou rfo ld , as follows:

(i) to  establish d istribu tions betw een an d  a ro u n d  burners an d  to 
recom m end vanes o r baffles to  correct any serious 
m aldistributions;

(ii) to exam ine fu rnace flow patterns and  determ ine w hether 
these were acceptable;

(iii) to  exam ine flow patterns in the ou te r casing from  the  air 
heater to  w indbox inlet;

(iv) to  exam ine the  furnace venting arrangem ents in re lation  to 
m ethane firing.

Flow visualisation tests were perform ed  using w ater flows with 
en trained air tracers, w hilst q u an tita tive  m easurem ents o f  flow 
distribu tions were m ade using p ito t-s ta tic  probes an d  air flow s. The
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results o f  these tests led to  recom m endations for several m odifica tions 
to  these p articu lar boilers in o rder to  prevent s tra tifica tion  o f  gas 
carried  over from  the a ir heater and to generally im prove fu rnace flow 
d istribu tion .

In general, F W P P  feels th a t useful w ork has been done by these 
tests particu larly  w ith regard to  the com parisons o f  m odel and  full 
scale perform ances.

Even if  doubting  the preciseness o f  som e o f  the m odelling 
techniques, F W P P  would agree the  overall findings th a t the  ESD  III 
m arine boiler design has no real purging problem s. Experience on 
m any hundreds o f  boilers in service confirm s this.

E qually , F W P P  has no t been notified  o f  any o ther significant 
problem s o f  purging on auxiliary boilers b u t accept th a t if the detail 
design o f  the casing a t m ain bank ou tle t is as per the particu lar 
licensee’s design, a gas pocket could exist in the shielded area under 
certain  conditions and various design arrangem ents can be used to 
overcom e these p roblem s as investigated by the  au th o r.

M R  S .N . C L A V T O N  (L loyd’s Register o f  Shipping): D r D ye’s paper 
p rovides fu rth er valuable research in to  the  fac to rs leading to 
inadequate  purging o f  furnaces and  the  resu ltan t risk o f  explosion.

The serious n a tu re  o f  the problem  in w atertube boilers is well 
illustrated  in T able DI which show s records from  the  L loyd’s Register 
classed fleet o f  incidents on steam ships since 1975. These records are 
derived only from  those incidents affecting  m ain boilers considered 
w orthy  o f  reference as boiler explosions, and  do  no t include m inor 
b low -backs w ithou t consequential dam age. O nly in tw o o f  the 
recorded  cases, one o f  which is described hereunder, was the explosion 
severe enough to  cause serious dam age o r  loss o f  life.

A lthough  the sam ple size is sm all in sta tistical term s, there are 
several poin ts o f  in terest w hich m ay be ex tracted  from  the record . N o 
p articu lar m anu fac tu re r or type o f  boiler is disposed to  explosion 
dam age; s truc tu ra l sim ilarity  exists, how ever, in th a t the m ajo rity  o f  
these m ain  boilers are  ro o f  fired an d  have m em brane w aterw alls.

F rom  an  o p era tional stan d p o in t the  statistics w ould indicate that 
p robab ly  all recorded incidents occurred  in p o r t during unstable 
steam ing conditions. It is relevant also  to  no te  th a t w here details are 
available it w ould appear th a t a  distillate fuel was being com busted  or 
a  change in type o f  fuel was being m ade.

I t will be recalled th a t a m ajo r boiler explosion took  place in 
H am burg  ju s t over five years ago w ith the  tragic loss o f  28 lives. T he 
explosion  was in the com bustion  cham ber space causing the m em ­

brane  walls to  be blow n ou tw ards, the  to p  headers and  risers being 
rup tu red  a t the  connection  to  the  steam  d rum . The superhea te r banks 
and  plain tu b e  econom isers were unaffected . T he dam age was co n ­
sistent w ith the explosion having taken  place in the  upper p a rt o f  the 
cham ber which is show n by Fig. 3 in the paper as the  last area  to  be 
purged.

This leads to  certain  o th er questions: nam ely, is the w idth o f  a 
cham ber a  co n trib u to ry  fac to r and  how  im p o rtan t is the spacing 
betw een burners?  It is, o f  course, appreciated  th a t second bu rners 
should  be ignited an d  n o t flashed from  a bu rner already  in opera tio n  
bu t the position  o f  the a ir registers cou ld , o f  them selves, lead to  
s tagnan t pockets o f  gas across the w idth o f  the  fu rnace. It w ould be o f  
in terest to  learn  w hether any a ttem p t was m ade in the m ain  boiler 
m odel testing to  sim ulate conditions w hen only one o r tw o registers 
were open.

I no te  the  a u th o r ’s conclusion  th a t purging a t 100 per cent flow  is 
p referab le to  purging a t reduced rate  fo r longer periods. In  this 
connection  it is know n th a t an  explosive m ixture can  fo rm  in the 
spaces in extrem ely sh o rt periods o f  tim e. W ould  the  en try  o f  the  large 
volum e o f  a ir give rise to  danger w here there were ho t spots o r in ­
candescent deposits in the  furnace o r uptakes?

It is fu rth er no ted  th a t the  au th o r suggests th a t the  relevant 
British S tan d a rd ’s requ irem ents should  be reconsidered . In  this 
respect I w ould venture to  suggest th a t o ther foreign standards should  
be reviewed since m any are  also incom patib le . Som e stan d ard s in fact 
recom m end 5 m in a t n o t less th an  25 per cent o f  to ta l full-load 
volum etric air flow to  give five air changes.

As a  final com m ent, m ay I again  revert to  T able D I. It will be 
noted  th a t m any o f  the incidents appear to  have occurred  during  
m anual opera tion  o f  boilers. H ow ever, it m ust n o t be fo rg o tten  th a t, 
w here the  boilers are opera ted  in the au to m ated  m ode, a  degraded 
logic system , w hich did no t ensure purging  fo r the correct du ra tio n  
an d  at the  requ ired  rate , w ould , itself, p roduce risk o f  explosion.

M R  D . W A T S O N  (Babcock P ow er L td): It is agreed th a t, w here 
m odel flow tests are used fo r estim ating  flow d istribu tion  and  pressure 
d ro p  under steady sta te  conditions, b o th  geom etrical an d  dynam ic 
sim ilarity  are required  betw een the m odel and  p ro to ty p e— dynam ic 
sim ilarity  being achieved by equality  o f  R eynolds num ber. H ow ever, 
the visual display in the m odel an d  the  co rrobora tive  d a ta  from  the 
full scale tests m ake th is paper a  valuable co n tribu tion  to  the  safe 
opera tion  o f  m arine boilers.

Table DI: Explosions in m ain W T  Boilers b e tw een  1975-1980

BOILER
DESIGN

DATE OF 
EXPLOSION

LOCATION: AT 
SEA/IN PORT

WELDED
WALL

TOP
FIRED

FUEL IN U SE/ 
No. BURNERS LIT

AUTO/M ANUAL
CONTROL

DAMAGE TO 
PRESSURE PARTS

F.W. MSD March 1975 In port Yes No
front

Unknown Unknown None—casings damaged.

Comb.Eng. 
2M8-WW

July 1975 In port Yes Yes D iesel/1 Just switched 
to auto

Tube wall severely bent. 
Tubes fractured.
Casing destroyed.

B&WMR2 J a n .1976 In port 
fitting out

Yes Yes Diesel/2 Manual All walls heavily bulged, 
two riser tubes sheared. 
Many ruptured wall tubes.

B&WMR2 April 1976 In port Yes Yes Unknown/1 Unknown Casing distorted. 
Membrane wall bulged.

F.W. EDSIII J a n .1977 At anchor Yes Yes FO/diesel
Reflashing

Manual Casings, economisers 
and walls damaged.

F.W. ESD III July 1977 In port Yes Yes Changes from FO 
to diesel

Unknown Side wall casing 
uptake distorted.

i Kawasaki 
2-drum

Dec. 1977 In port Unknown Unknown FO Manual Economiser damaged.

Kawasaki
UFG

Aug. 1978 Unknown Yes Yes Unknown Manual Expansion joints fractured. 
Casing and membrane 
wall deformed.

Comb. Engr. 
V2.M8

Oct. 1980 In port Unknown Yes Unknown Unknown Refractories destroyed. 
Casing buckled.

B&WM12 March 1978 In port Unknown Yes Changed from 
diesel to FO

Manual Upper and lower 
economiser banks 
damaged.
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Perhaps it is oppo rtu n e  to  give som e reasons w hy a  lim ited flow 
was initially proposed  fo r furnace air purge.
1. T o  reduce the turbulence zone a t the in terface betw een purge air 

and  possible rich gas m ixture, so lim iting the volum e o f  m ixture in 
the  explosive range.

2. T o  reduce the possibility  o f  higher air velocities causing random  
carbon  particles deposited in the  gas spaces to  glow and thus 
prov ide a  source o f  ignition.

3. T o  provide an acceptable flow for both  purging and light-up 
w ithou t unnecessary repositioning o f  com bustion  con tro l ac­
tu a to rs  thus increasing th e  tim e fo r ligh t-o ff and providing ad ­
ditional functions w hich m ay cause m aloperation .

In view o f  the  necessity to  m odify  the burner m anagem ent 
functions to  provide the tim e and flow levels m entioned in the paper, 
could the au th o r o r the oil com pany representative please give 
p roposed m odifica tions, bearing in m ind the initial reasons for low 
flow  purging.

It m ay be pertinen t to  sta te  that during tests by CEG B on boilers 
a t Isle o f  G rain , the 25 -  35 per cent flow ra te  was not adequate to 
purge the fu rnace and the rate  had to  be increased to  50 per cent. It is 
believed th a t this resulted in som e m odifica tion  to  BS.799: P t. 4 : 1972 
where a purge ra te  o f  a t least 50 per cent o f  the full-load air flow 
should  be considered when the furnace is very large. It is assum ed that 
the results o f  the CEG B tests a t the Isle o f  G rain  have been m ade 
public.

MR F.D. GAINEY (Shell Research L td.): D uring the latter half o f
1978 and  1979, Shell Research carried  out a series o f  purging tria ls on 
board  tw o Shell tankers to ascerta in  the m inim um  safe purging times 
requ ired  to  clear the boilers o f  any  u nburn t fuel-oil vapour follow ing a 
flam e failure o r a  failure to  ob ta in  ignition condition . This work 
com plem ented the m ore extensive m odel studies being carried out at 
the U niversity  o f  M anchester on behalf o f  Shell In ternational M arine.

D r D ye’s paper described the experim ents carried  ou t on cold air 
flow , scale m odels o f  typical m ain and auxiliary boilers using both  
flow visualisation techniques and  gas concen tration  m easurem ents. 
These experim ents show ed that in the case o f  one particu lar auxiliary 
boiler design, a  stable gas pocket fo rm ed , clearing only very slowly. 
Full-scale tests were then  carried  ou t on  the actual boilers and, in 
general, these confirm ed  the  findings o f  the m odel.

D uring  the discussion o f  this paper, the au th o r was asked to 
com m ent on  the  full-scale tria ls carried  ou t, and  on any fu rther a p ­
plications fo r the  su lphur hexafluoride (SF 6) detection  technique.

Full-scale studies

In  the  series o f  m odel studies carried  o u t a t the U niversity o f  M an ­
chester, carbon  dioxide ( C 0 2) was used to  represent un b u rn t fuel 
v apour th ro u g h o u t the gas concen tra tion  tests, w ith initial con­
cen tra tions o f  60 per cent vol. C 0 2 typically being used. T he vapour 
density  o f  such a C 0 2/a ir  m ixture was slightly greater than  the  ac­
cepted value fo r a  fuel-oil v a p o u r/a ir  m ixture, their densities relative 
to  th a t o f  air being 1.3 and  1.2 respectively.

H ow ever, fo r the full-scale tests on board  ship, the volum es o f 
C O : requ ired  to  achieve such concen trations would have been 
prohib itive. C onsequently , a  gas th a t could be detected in very low 
concen tra tions had  to  be chosen in o rder to  reduce the volum e o f 
tracer gas to  m anageable quan tities. Su lphur hexafluoride (SF6), 
detectable in concen tra tions dow n to  1 p art in 10s , was readily 
available in m ixtures o f  10 per cent vol. S F 6 in n itrogen, the relative 
density w ith respect to  air being 1.37. H ow ever, subsequent d ilu tion  
by air to , typically, 4 -2 0  ppM  in the  fu rnace /su p erh ea te r sections 
during  th e  full-scale tria ls reduces the relative density o f  the 
S F 6/n itro g e n /a ir  m ixture to  essentially 1.0.

C onsequently , in the full-scale tria ls it was no t possible to 
sim ulate accurately  the  effect on the purging characteristics o f  the 
difference in the densities o f  fuel-oil vapour and  a ir, w ith the result 
th a t the purging tim es m easured  m ay be slightly shorter th an  in 
practice.

Sim ilar problem s to those found  in the m odel w ork were ex­
perienced with the full-scale tria ls when the results were to  be in ­
terpreted  in term s o f  abso lu te  explosive lim its and  hence purging 
tim es. A gain , the  initial concen tration  o f  the  fuel vapour was 
unknow n; thus it was d ifficult to define the degree to  which the boiler 
m ust be purged to  be below the  explosive limit and hence safe.

C onsequently , the results were analysed in  term s o f  the tim e 
required  to  reduce the  initial concen tration  to  less th an  5 per cent o f 
the original m axim um  value. The inference o f  this is th a t, given the

low er explosive limit fo r fuel oil is 1.5 per cent, the  purging times 
ob ta ined  from  the full-scale w ork are ad eq u a te  to  clear a boiler that 
has a fuel-oil vapour concen tra tion  o f  up to  30 per cent vol.

T he full-scale purging tria ls using the  S F 6 detection  technique is 
one exam ple o f  the situation  w here, p erhaps, high concen tra tions o f  a 
p articu lar gas in a large volum e have to  be represented  by relatively 
low concen trations o f  a tracer gas in the  sam e volum e. Such a 
technique would also be useful in m any o th er sim ilar situations. 
C learly , the use o f  S F 6 as a  tracer gas to  determ ine the purging 
tim e/characteris tics o f  boilers is no t restricted  to  oil-fired boilers as 
described in this paper. S im ilar tria ls could readily  be conducted  on 
gas- o r coal-fired  boilers.

O ther applications in the field o f  boiler design w ould be the 
determ ination  o f  gas residence tim es at various locations within 
furnace and superheater zones o f  a boiler. This w ould be particu larly  
relevant fo r assessing the unifo rm ity  o f  heat flux d istrib u tio n  under 
various operating  conditions. Sim ilarly, the techn ique could be a p ­
plied to  quan tify ing /assessing  changes in leakage rates o f  ro tary  
com bustion  air pre-heaters.

A fu rther app lication  w ould be in the determ ination  o f  ven­
tila tion  rates and the effectiveness o f  forced ven tila tion . Specific 
exam ples o f  this could be the determ ination  o f  the relative e f­
fectiveness o f  purging the cargo tanks o f  a  crude o r p ro d u c t carrier 
either w ith inert gas or with a ir, in gas freeing o p era tions. Sim ilarly 
the technique can be applied to  determ ining areas o f  p o o r local 
ventilation  rate resulting from  obstructions, particu larly  in the case o f 
cargo pum p room s.

F inally, there is the designed use o f  the equ ipm ent used in these 
tests, nam ely fo r the detection o f  leaks in a range o f  system s, from  
large pressure vessels to  condensers in the  steam  system s.

MR R.G. BODDIE (FIM arE ): All m em bers o f  the C om m ittee fo r BSI 
799 1972 ‘Specification fo r oil burn ing  eq u ip m en t’ have retired  and  it 
was not therefore possible to ob ta in  com m ents on the paper which 
criticises the specification. H ow ever, a new com m ittee will be form ed 
shortly  to  revise the standard .

C lause 3 .1.3, O pera tion  13, sta tes ‘P lan t m anu fac tu re rs  should  
be consulted to  determ ine the  degree o f  purge necessary’. I u nderstand  
this w ording was included as the com m ittee could no t agree on the 
length o f  the purging tim e. I believe th a t the  A dm ira lty  have laid  dow n 
a m inim um  purge tim e o f  5 m in. A part from  the risk o f  dam age to  the 
boiler there is also  the  navigational safety o f  the  ship to  be considered. 
C ould the au th o r say w hat length o f  purge tim e is acceptable  to  the 
C apta in  o f  the  ship?

C ould  the au th o r also say if  the risk o f  a bo iler explosion  is m ore 
likely when burn ing  a  good quality  fuel o r a  po o r quality  residual fuel, 
bearing  in m ind th a t the quality  o f  the la tte r will con tinue  to 
deterio ra te  in the fu ture?

PROF. G. GROSSMANN (Technische U niversitat Berlin): T h is a 
very interesting paper on a  highly im p o rtan t sub ject. W ould  the 
au th o r please explain w hether he took  the  tem p era tu re  difference 
betw een the gas in the  boiler and  the purge air in to  accoun t?

T here are tw o kinds o f  dangerous s ituations. W hen a  boiler in 
cold sta te  m isfires, there  results a m ixture o f  cold gases purged w ith 
cold air. H ere the density o f  the gases and  a ir is m ore o r less equal. 
H ow ever, when the boiler is purged at service conditions, the  gases 
inside the boiler are a t 200 -  250°C , w hich m eans their density  is 
nearly  h a lf  o f  the density o f  the purge air. In th is case the gas freeing 
o f  the upper p art o f  the  fu rnace (poin ts 02 -  05 in Fig. 4) w ould take 
longer.

W e have run  sim ilar m odel tests a t Berlin, sim ulating  the  density 
d ifferences w ith salt w ater and fresh w ater and  ad justing  the tim e and 
velocity scale according to  F ro u d e ’s law . A  B& W -type boiler was 
taken  as the m odel. O ur results show ed th a t 95 per cent o f  the gas in 
the dangerous area  (point BM 4 in Fig. 12) was cleared w ith three 
boiler volum es o f  a ir (the boiler volum e is the w hole volum e o f  the 
furnace and  the second pass), when the boiler was purged w ith a 
m oderate  flow. A t full flow it took  3.5 -  4 volum es o f  a ir to  clear the 
boiler.

Author's Reply___________________________
DR R.C.F. DYE: I w ould like to  th an k  the  co n trib u to rs  fo r the 
various com m ents m ade, m any o f  w hich are m ost interesting. It is 
clear th a t the purging o f  boilers is a  top ic  requiring  fu rth er study and 
d iscussion.
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I agree in general with M r T u rn e r’s com m ents on Reynolds 
num ber sim ilarity and  the advantages o f  w ater m odels. Indeed, these 
po in ts are m entioned in the paper. F u rth e r, I agree entirely w ith the 
view th a t flow visualisation is practically  sim pler in w ater. H ow ever, 
the  a ir-g a s  m ixture technique I used d id allow  gas concen trations to 
be m easured  (and au tom atically  p lo tted) bo th  sim ply and  cheaply. 
T w o o th er sm all poin ts are that the effect o f  sw irlers was investigated 
on the  i m odels, and in the purging cond ition  it is not necessary to 
sim ulate gas expansion at the flam e fron t.

In reply to  M r C layton and M r W atson , the m ain boiler m odel 
was designed so that purging on any num ber, o r com bination , o f 
registers could be sim ulated . H ow ever, so fa r, com prehensive tests 
have only been m ade using all registers. My com m ent th a t full-flow  
purging appears to be advan tageous is based on the efficiency o f  the 
process in term s o f  the air supply necessary. I agree with M r C lay ton  
and  M r W atson  th a t there are possible dangers from  incandescent 
deposits.

M r B oddie’s questions raised on the  type o f  quality  o f  fuel being 
com busted  are  in teresting , but I do no t feel com petent to  com m ent.

In answ er to  P ro fesso r G rosm ann , the gas tem pera tu re  was taken 
in to  account only in calculating the correct volum etric purge air flow 
(based on  120°C com bustion  a ir tem peratu re).

(F u rther m aterial, in answ er to  questions raised during  the discussion 
o f  the paper which touched  upon  o pera tional m atters, was con ­
tribu ted  by M r K. D ohm el o f  Shell In ternational M arine L td .)

M R K. D O H M E L : I should  like to  th an k  the au th o r fo r his effo rts to 
present this paper to  the Institu te  and  take the o p p o rtu n ity  to  answ er 
som e o f  the questions th a t are  related  to  o p era tional aspects o f  the 
boilers in question .

R eferring to  M r C lay to n ’s com m ents fo r m ain boilers, the purge 
air flow is au tom atically  ad justed  to  40-45  per cent o f  m axim um  air 
flow. T he purge sequence is sta rted  as soon as the acceptance level o f  
40 per cent is reached. If, during  the purge sequence, this air flow 
should  fall below the acceptance level, the purging is abo rted  and  has 
to be re-in itia ted  p rio r to  an  ignition a ttem p t. F or auxiliary boilers a

sim ilar a rrangem en t exists. H ow ever, the acceptance level fo r purging 
is set to 60 per cent and the boiler is purged a t full air flow.

F o r bo th  type o f  boilers, burners are individually  ignited  by 
inserting and  energising the igniter. A con firm ation  signal th a t the 
igniter is energised and in the ignition position  enables the fuel oil 
valve to  be opened. T he purge a ir flow , which determ ines the purge 
tim e, has been selected to achieve a  balance betw een the  risks involved 
o f  igniting com bustib le gas pockets by ho t spots o r incandescent 
deposits, and  the tim e requ ired  to  re insta te  propulsive pow er 
follow ing a loss o f  flam e.

M r W atson  m entioned in his con tribu tion  th a t one o f  the reasons 
fo r low air flow purging was to  sim plify the burner m anagem ent 
system  to  enable purging and  igniting to  be carried  o u t a t the  sam e air 
flows. T he m ain boiler is purged  with all registers in the open position  
at 40 per cent m axim um  air flow. Ignition  is done on one single burner 
w ith the o ther three air registers closed.

If 40 per cent to tal air flow is m ain tained  th rough  one register, 
this register would have a th ro u g h p u t o f  160 per cent a ir flow o f  its 
design, a t w hich a  successful ignition  is considered to  be highly 
unlikely. O n the vessels in question , d ifferen t air flows are  called upon 
by the  bu rner m anagem ent system  for purging and  ignition . T he 
ignition air flow  is set to  12.5 per cent to ta l a ir flow , resulting in 50 per 
cent design a ir flow th rough  one register. T he setting  was found  to  be 
m ost su itable fo r the ignition sequence.

R eferring to  M r B oddie’s question , Shell In te rn a tio n a l M arine 
com m issioned tests a t the  In te rn a tio n a l F lam e R esearch F o u n d a tio n  
test facility a t Ijm uiden  (The N etherlands) to  establish w hether the 
‘fuels o f  the fu tu re ’ can be ignited and  burned  reliably. D uring the 
test, no  difference betw een a  s tra igh t-run  heavy fuel an d  b lends o f 
various natu res could be found . H ow ever, fo r all the fuels tested it 
becam e app aren t th a t param eters such as oil flow, air flow  and  air 
tem pera tu re  should  be kept w ithin certain  levels to  ensure successful 
ignition.

T he purge tim e fo r the  m ain  boiler o f  1 -1 .5  m in is accepted by 
sh ips’ M asters. H ow ever, m odifica tions to  hardw are  and  operating  
procedures have been im plem ented to  avoid the loss o f  flam es. T h is is 
to  elim inate the need fo r re-igniting the boiler, on occasions w here the 
required  purge tim e could be too  long.
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