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DEVELOPMENT OF A COMBUSTION CHAMBER FOR USE
WIIH A 2000-HP SUCTION TURBINE

SUMMARY

A combus t ion  chamber  fo r  ke rosene  fue l  has  been
deve loped  fo r  the 2000-hp  suc t ion  t u rb ine  o f  the  Thermodynamics
Labora to ry .  At the t e s t  cond i t i on  of  a i rmass  f l ow  11 .75
lb .  0 sec .  and t empera tu re  r i s e  o f  703°C ,  t he  p re s su re  l o s s  was
on ly  2 .5  i nches  of wa te r ,  o r  0 .6% o f  t he  t o t a l  i n l e t  p r e s su re
and t he  combus t ion  e f f i c i ency  was  h igh .

Tempera tu re  d i s t r i bu t ion  and f lame l eng th  were  s a t i s -
f ac to ry  .
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DEVELOPMENT OF A COMBUSTION CHAMBER FOR
USE tfITH A 2000-HP SUCTION TURBINE

1 .0  INTRODUCTION
The combus t ion  chamber  was requ i red  for  use with t he

2000-hp  Suc t ion  Turbine  of the Thermodynamics Labora to ry .  In
this arrangement,  the combust ion chamber  i s  connec t ed  to the
ups t r eam or in le t  s i de  of the t u rb ine .  Air en ters  the  chamber
a t  a tmospher i c  p re s su re  and the  p roduc t s  of combus t ion  a r e  drawn
through the suc t ion  t u rb ine  by two exhaus t s e r a .

The des ign  spec i f i ca t i ons  for  the combus t ion  chamber
are  as  f o l l ows :

Combus t ion  chamber i n l e t  p ressure  . . . .  14 .7  l b / sq . i n .
Combus t ion  chamber i n l e t  t empera tu re . .  15 e C
Fuel .............................................................................. Kerosene
Fuel  flow ................................................................. 750 Ib/hr .
Air mass flow ........................................................ 11 .5  Ib / s ec .
Ou t l e t  Temperature  ............................................ 700° C
Pressure l o s s  not to exceed  2%

The des ign  requi rements  a l so  inc lude  smooth l ighting
and con t ro l .

2 .0  DESCRIPTION OF RIG, EQUIPMENT
AND INSTRUMENTS

A t e s t  r i g  and combust ion  chamber ou ter  ca s ing ,
p rev ious ly  used for  work on the combus t ion  of r e s idua l  fue l s ,
were employed fo r  the p r e sen t  deve lopmen t .

2 .1  Air Supp ly

Air was supp l ied  by a doub le  en t ry ,  s ingle  s t age
S i rocco  b lower ,  hav ing  a maximum output  of 146 ,650  c . f .m .  a t  a
p ressu re  of 21 i nches  of wa te r .

The b lower  was d r iven  by a 700 -hp  e l ec t r i c  mo to r ,
through a va r i ab l e  speed  hydrau l i c  coup l ing .

Air flow was measured  using an R .A .E .  annular
o r i f i ce  and a Ve rn i e r  manometer .

2 .2 Fuel  Sys t em

Fuel was supp l ied  by a Jumo fue l  pump. The pressure
was ad jus t ed  through a by -pas s  at  the pump ou t l e t .  A remote ly-
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control led ga t e  valve between the  pump ou t l e t  and a tomize r  was
used to control  the fue l  f l ow .

2 .3  Atomizing  Air Flow

Air was p rov ided  by the genera l  l abo ra to ry  sys t em and
contro l led  by a Globe va lve  l oca t ed  on the instrument pane l .  A
sharp-edged o r i f i ce ,  1 .215  inches  in d i ame te r ,  was used fo r  a i r -
f low measurements ,  ups t r eam and downs t ream pressure  d i f f e r en t i a l
be ing  observed on a 40-inch wa te r  manomete r .

2.4 Combust ion  Chamber

The chamber used fo r  t h i s  work had an internal  d i ame te r
of 27 .5  Inches and a length of 8 f ee t .  At the ups t ream end there
was f i t t ed  a swi r l  vane a s sembly  (see  F ig .  10 ) .  The four mounting
s t ru t s  contained pas sages  for  fue l  and a i r  t r ansmiss ion  to  the
a tomize r .  The a tomize r  was mounted in  the cen t r e  of the  swi r l
vanes  .

Two quar tz  windows were f i t t ed  to the  ups t ream sec t ion
of the combustion chamber to f ac i l i t a t e  v i sua l  observat ion  of the
flame .

For the l a t e r  t e s t s ,  a mock-up of the suc t ion  turbine
in l e t  s ec t i on  rep laced  the l a s t  2 - foo t  s ec t i on  of the combust ion
chamber.

2.5  Igni t ion

The fue l  was i gn i t ed  by a "Pu l sa t i ng  Torch Ign i t e r "
deve loped  ea r l i e r  in  the Engine Labora to ry  (Refe rence  1 ) .  No
d i f f i cu l ty  was exper ienced  in l igh t -up  and i t  was pos s ib l e  to
Ign i te  the fue l  spray a t  an a i r  mass f low in exces s  of des ign  r e -
qui rements .

2 .6  Travers ing  Equipment

A probe for  the measurement  of ou t l e t  temperature and
pressure  was carr ied on a t r ave r s ing  mechanism mounted cen t ra l ly
wi th in  the turbine in le t  f a i r i ng ,  Figure 1 .  The mounting b racke t
was wa te r  coo led  to r educe  pos i t i on  e r ro r s  due to
expansion of the  b r acke t .

A r ad i a t i on  sh i e lded  chromel  -a lumel thermocouple was
used for a l l  ou t l e t  t empera ture  measu remen t s ,  Figure 2.  A t o t a l
head probe was t ack-welded  to the s ide  of the thermocouple,  enabling
both  pressure  and temperature obse rva t ions  to  be taken s imul t aneous ly .
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Instruments2 .7

Obse rva t ion  of t e a t
fo l l owing  in s t rumen t s :

Out le t  Tempera tu re :

Inlet  Air  Tempera tu re :

Fuel P re s su re s :

Pressure  Dif fe ren t  l a i ,  -
R .A .E .  Annular Or i f i ce :

Combustion Chamber Inlet
To ta l  Heads

Inle t  To ta l  Head; Ou t l e t
Total  Head:

Pressure  D i f f e r en t i a l  -
Or i f i ce  for  Atomiz ing  Air
Flow :

3 .0  DEVELOPMENT WORK

3.1  Atomizer

cond i t i ons  were made u s ing  the

A Speedomax se l f -ba lanc ing
Po ten t iomete r ,  c a l i b r a t ed  In
mi l l i vo l t s

A Lewis Res i s t ance  Bulb
Thermometer

»

Bourdon Tube Pressure  Gauge

A 12 - in .  Vernier  Manometer ,
u s ing  Meriam Flu id  SGI.

A 40 - in .  Manometer ,  us ing
Meriam Fluid SGI.

A 20- in .  Manometer ,  u s ing
Meriam Fluid SGI.

A 40 - in .  Manometer ,  u s ing
Meriam Fluid SGI.

Ea r l i e r  work on the combus t ion  of kerosene  for  comparl
son wi th  t ha t  of heavy  fuel  p rov ided  u se fu l  information for the
p re sen t  deve lopmen t .  The most s e r ious  problem was the development
of a su i t ab l e  a t omize r .

A shea r - type  pneumatic  a tomize r ,  f i r s t  deve loped ,
although qu i te  e f f ec t i ve ,  was very s ens i t i ve  to machining i r regu-
l a r i t i e s  due ,  in pa r t ,  to  the  very smal l  annular  gap of .008
inches .  Any i nc rease  in t h i s  gap r e su l t ed  in poor circumferen-
t i a l  fuel  d i s t r i bu t ion .

A swir l - type pneumat ic  a tomize r  was then des igned  to
take advan tage  of the low pressure  fuel  supply a s soc i a t ed  wi th
pneumatic a tomiza t ion  and the ava i l ab i l i t y  of compres s i ed  a i r .
The a tomizer  was des igned  to f i t  the ex i s t i ng  a tomize r  body a t
the centre of the  swir l  vanes .  The fue l  was admi t ted  a t  the
extreme rad ius  of the swi r l  chamber and the a i r  en te red  tangent ia l ly
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through the chamber wa l l ,  Figure 3.  A l a t e r  mod i f i ca t i on  r e -
rou ted  the fue l  pa s sages  to  en t e r  the t angen t i a l  a i r  i n l e t s ,
F igure  4.

A tomiza t ion  in bo th  ca se s  was found to be s a t i s f ac to ry .
Subsequent ly  the d i s cha rge  o r i f i ce  was en l a rged  to 1 -5 /8  Inches
to g ive  a cone angle  of 150 deg rees  and I t  Is t h i s  con f igu ra t i on
which was f i t t ed  to the chamber fo r  the  f i na l  t e s t  run .

The ope ra t i ng  cond i t i ons  were :

Air P re s su re  a t  a tomize r  31 p . s . l .
Air mass f low 740 Ib /hr .

3 .2  Combust ion  Chamber

The swi r l  vane a s sembly ,  as shown in  Figure  10 ,  caused
too h igh an ax i a l  ve loc i ty  in the pr imary zone .  Consequen t ly  com-
bus t ion  was conf ined  to a r e l a t i ve ly  sma l l  pe rcen t age  of the  ove ra l l
volume of the  combust ion chamber and ,  not  be ing  comple te  a t  the
ex i t ,  cont inued  to bum fo r  app rox ima te ly  8 f ee t  beyond the ou t l e t
s ec t i on .

The swi r l  vane a s sembly  was then mod i f i ed  by f i t t i ng
ex tens ions  to the t r a i l i ng  edges  of the vanes  to  r educe  the  ax i a l
ve loc i ty ,  as shown in Figure  11 .  Test  runs were ca r r ied  out to
de t e rmine  the optimum se t t i ng  of the swi r l  vane ex t ens ions .  The
f ina l  conf igura t ion  is  shown in Figure  9 .

The ea r l i e r  work on ke rosene  combus t ion  had i nd i ca t ed
the pos s ib i l i t y  of d i spens ing  with the conven t iona l  f l ame  tube ,
i f  some o the r  means of d i r ec t i ng  secondary  and t e r t i a ry  a i r  was
p rov ided .  For t h i s  purpose  two s t a in l e s s  s t ee l  t r unca t ed  cones
downs t ream of the sw i r l  vane a s sembly  were p rov ided ,  Figure 7.

To overcome a t endency  for  the second cone to p roduce
"co r ing”  in the combust ion  zone ,  the  ups t r eam edge was ca s t e l l a t ed .
This gave g r ea t e r  pene t r a t i on  of the d i l u t i on  a i r  and ,  due to
the i nc rea sed  tu rbu lence ,  cons ide rab ly  Improved the tempera ture
d i s t r i bu t ion .

The optimum ax i a l  pos i t i on  of t he se  cones was found
by manua l ly  ad jus t i ng  each cone i nd iv idua l ly  wh i l e  combus t ion  was
taking p l ace .  Each cone was then bo l t ed  to thsc ombust Ion chamber
a t  t he  optimum loca t ion  so found.  Ihe f i na l  l oca t i on  i s  shown
in Figure 7.

downs t r eam
The inf luence of the/cone on combus t ion  i s  shown in

Figures 5 and 6 whe re ,  a t  de s ign  cond i t i ons ,  the change in f l ame
length  is  7 f ee t  for  an ax ia l  movement of app rox ima te ly  2 i nches .
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No ev idence  of undue overhea t ing  or co r ros ion  was found
In t he  mi ld  s t ee l  chamber a f t e r  the  t o t a l  deve lopment  pe r iod  of
75 hours ,

3 .3 F ina l  Development

des ign  cond i t i onsFigures  a re  g iven  below fo r
of the f i na l  con f igu ra t i on :

a ta t e s t

wa te rtl
- 11 .75  pounds per s econd
- 752 pounds per hour
- 57 .3
- 315/1
- 23° C
- 822° C
- 726° C
- 703° C
- 4 .2  x 10° chu/ft°/hr.

Chamber Inlet  To ta l  P re s su re  - 12 .9
Chamber Inlet  S t a t i c  P re s su re -  11 .7
Air Mass Flow
Fuel  Flow
Air Fue l  Ra t io
Lean Blowout
Inlet  Temperature
Maximum Temperature
Me an Tempe r a tu re
Ac tua l  Tempera ture  Rise
Combust ion  In t ens i t y „ ,
Out le t  Temperature D i s t r i bu t ion  T max. °C - T mean °C = 9.6%

inches
w

of

T mean
Loss in t o t a l  p r e s su re  (L .T .P . )  2 .5  Inches Water

0.6%Pressure  Loss

LTPNon-dimensional  P res su re
Loss Fac to r 7 .9

4 .0  COMMENTS

The p re s su re  lo s s  of 0.6% is  we l l  w i th in  the spec i f i ed
maximum of 2 pe rcen t .

Using an assumed f igure fo r  the  ca lo r i f i c  value of the
fue l ,  the combust ion e f f i c i ency  was v i r t ua l l y  100%.

The ou t l e t  tempera ture  contour i s  shown in F igure  8.
While the t empera tu re  d i s t r i bu t ion  is  a ccep t ab l e  and Indeed be t t e r
than t ha t  in many ex i s t i ng  sys t ems ,  i t  i s  cons ide red  tha t  i t  should
be Improved in a p rope r ly  manufac tu red  combust ion  chamber.  The
tempera ture  d i s t r i bu t ion  shown here  was ob ta ined  wi th  roughly f ab -
r i ca t ed  swir l  vane ex t ens ions  (see F ig .  9 ) ,  and mixing cones that
had become d i s to r t ed  by ea r l i e r  unsa t i s f ac to ry  me thods  of moving them
ax ia l l y  in the chamber .
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I t  Is  recommended that  the  pos s ib i l i t y  of u s ing  th i s
type of cone mixer in normal a i r c r a f t  gas turbine combust ion
chambers be i nves t i ga t ed ,  w i th  a view to  e l imina t ing  the f lame
tube and reduc ing  the  p r e s su re  l o s se s .

5 .0 REFERENCES

Refe rence  No. 1 - Note on a Pu l sa t i ng  Torch  Ign i t e r ,
NAE-ENG-5
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FIGS 5 λ 6

FIG. 5 SMALL CONE CORRECTLY POSITIONED

FIG. 6 SMALL CONE APPROXIMATELY 2" DOWNSTREAM
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TOP
LOOKING UPSTREAM

INLET TEMP - 23° C
TEMP MAX. - 822°C
TEMP MEAN - 726°  C
FUEL FLOW - 752 LB./HR.
AIR MASS FLOW-  11-75 LB./SEC.

COMBUSTION CHAMBER OUTLET TEMPERATURE
CONTOUR  -°C
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FIG. IO SWIRL VANE BAFFLE ASSEMBLY
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SWIRL VANE BAFFLE ASSEMBLY (WITH EXTENSIONS)FIG. II


