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DEVELOPMEN T OF A COMBUSTION CHAMBER FOR USE
A 2000-HP SUCTION TURBINE

SUMMARY

A combustion chamber for kerosene fuel has been
developed for the 2000-hp suction turbine of the Thermodynamics
Laboratory. At the test condition of alr mass flow 11.73
lb.°sec. and temperature rise of 703°C, the pressure loss was
only 2.5 inches of water, or 0.6% of the total inlet pressure
and the combustion efriciency was high.

Temperature distribution and flame length were satis-
factory.
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DEVELOPMENT OF A COMBUSTICN CHAMBER FOR
SE W A 2000-HP SUCTION TURBINE

1.0 INTRODUCTION

The combustion chamber was required for use with the
2000-hp Suction Turbine of the Thermodynamics Laboratory. 1In
this arrangement, the combustion chamber is connected to the
upstream or inlet side of the turbine. Air enters the chamber
at atmospheric pressure and the products of combustion are drawn
through the suction turbine by two exhaustsers.

The design specifications for the combustion chamber
are as follows:

Combustion chember inlet pressure .... 14.7 lb/sq.in.
Combustion chamber inlet temperature., 13°C

e L O S ot e e Ao ... Kerosene
Fuel flow ....... O canss 730 1b/hr.
Air mess flow ....... R B .« 11.5 1b/sec.
Outlet TeRpEYatuUle .....isasesnsnonsss 7200°C

Pressure loss not to exceed 24

The design requirements also include smooth lighting
and control.

2.0 DESCRIPTION OF RIG, EQUIPMENT
AND INSTRUMENTS

A test rig and combustion chamber outer casing,
previously used for work on the combustion of residual fuels,
were employed for the present development.

2.1 Air Supply

Air was supplied by a double entry, single stage
Sirocco blower, having a maximum output of 146,650 c¢.f.m. at a
pressure of 21 inches of water.

The blower was driven by a 700-hp electric motor,
through a variable speed hydraulic coupling.

Air flow was measured using an R.A.E. annular
orifice and a Vernier manometer.

e Fuel System

Fuel was supplied by a Jumo fuel pump. The pressure
was adjusted through a by-pass at the pump outlet. A remotely-
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controlled gate valve between the pump outlet and atomizer was
used to control the fuel flow,.

2.3 Atomizing Air Flow

Air was provided by the general laboratory system and
controlled by a Globe valve located on the Instrument panel. A
sharp-edged orifice, 1.215 inches 1n dlameter, was used for air-
flow measurements, upstream and downstream pressure differentlal
being observed on & 40-inch water manometer.

2.4 Combustion Chamber

The chamber used for thils work had an internal diameter
of 27.5 inches and a length of 8 feet. At the upstream end there
was fitted a swirl vane assembly (see Fig.l0). The four mounting
struts contained passages for fuel and alr transmission to the
atomizer. The atomizer was mounted in the centre of the swirl
vanes.

Two quartz windows were fitted to the upstream section
of the combustion chamber to facllitate visual observation of the
flame.

For the later tests, a mock?up of the suction turbine
inlet section replaced the last 2-foot section of the combusticn
chamber.

2.5 Ignition

The fuel was ignited by a "Pulsating Torch Igniter"
developed earlier in the Engine Laboratory (Reference 1). No
difficulty was experienced in light-up and 1t was possible to
ignite the fuel spray at an air mass flow in excess of design re-
quirements,

2.0 Travarsing Eguiggent

A probe for the measurement of outlet temperature and
pressure was carried on:a traversing mechanism mounted centrally
within the turbine inlet fairing, Figure 1. The mounting bracket
was water- copoled to reduce position errors due to
expans ion of the bracket.

A radiation shielded chromel-alumel thermocouple was
used for all outlet tempersture measurements, Figure 2. A total
head probe was tack-welded to the side of the thermocouple, enabling
both pressure and temperature observations to be taken simultaneously.
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Lt Instruments

Observation of test conditions were made using the
following instruments:

Qutlet Temperature: A Speedomax self-balancing
Potentiometer, calibrated in
millivolts

Inlet Air Temperature: A Lewis Resistance Bulb
Thermometer

Fuel Pressures: | Bourdon Tube Pressure Gauge

Pressure Differential,- A 12-in. Vernler Manometer,

R«.A.E. Annular Orifice: using Meriam Fluld SGl.

Combustion Chamber Inlet A 40-in., Manometer, using

Total Head: Meriasm Fluid SGl.

Inlet Total Head; Qutlet A 20=-in. Manometer, using

Total Head: Meriam Fluid SGl.

Pressure Differential - A 40-in. Manometer, using

Orifice for Atomizing Alr Merlam Fluid SGl.

Flow:

3.0 DEVELOPMENT WORK
3.1 Atomizer

Earlier work on the combustion of kerosene for compari-
son with that of heavy fuel provided useful information for the
present development. The most serious problem was the development
of a suitable a tomizer.

A shear~type pneumstic atomizer, first developed,
although quite effective, was very sensitive to machining irregu-
larities due, in part, to the very small annular gep of .008
inches. Any increase in this gap resulted in poor circumferen-
tial fuel distribution.

A swirl-type pneumatic atomizer was then designed to
take advantage of the low pressure fuel supply associated with
pneumatic atomization and the avallability of compressied alr.

The atomizer was designed to flt the existing stomlzer body at
the centre of the swirl vanes. The fuel was admitted at the
extreme radius of the swirl chamber and the air entered tangentially
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through the chamber wall, Figure 3. A later modificatlion re-
routed the fuel passages to enter the tangentisal air inlets,
Figure 4.

Atomization in both cases was found to be satisfactory.
Subsequently the discharge orifice was enlarged to 1-5/8 inches
to glve a cone angle of 150 degrees and it 1is this configuretion
which was fitted to the chamber for the final test run.

The operating conditions were:

Air Pressure at atomizer 31 p.s.l.
Air mass flow 740 1b/hr.

Sel Combustion Chamber

The swirl vane assembly, as shown in Figure 10, caused
too high an axlal velocity in the primary zone. Consequently com-
bustion was confined to a relatively small percentage of the overall
volume of the combustion chamber and, not being complete at the
exit, continued to burn for approximately 8 feet beyond the outlet
section.

The swirl vane assembly was then modifiled by fitting
extensions to the tralling edges of the vanes to reduce the axial
velocity, as shown in Figure 1ll. Test runs were carried out to
determine the optimum setting of the swirl vane extensions. The
final configuration is shown in Figure 9.

The earlier work on kerosene combustion had indicated
the possibility of dispensing with the conventional flame tube,
if some other means of directing secondary and tertiary sair was
provided. For thils purpose two stainless steel truncated cones
downstream of the swirl vane assembly were provided, Figure 7.

To overcome a tendency for the second cone to produce
"coring" in the combustion zone, the upstream edge was castellated.
This gave greater penetration of the dilution air and, due to
the increased turbulence, considerably improved the temperature
distribution.

The optimum axial position of these cones was found
by manually adjusting each cone individually while combustion was
taking place. Each cone was then bolted to tlecombustion chamber
at the optimum location so found. The final location is shown
in Pigure 7.

downstream

The influence of the/cone on combustion is shown in
Filgures 5 and 6 where, at design conditions, the change in flame
length 1s 7 feet for an axlal movement of approximately 2 inches.
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No evidence of undue overheating or corrosion was found
in the mild steel chamber after the total development period of
75 hours.

Sed Final Development

Figures are given below for a test at design conditions
of the final configuration:

Chamber Inlet Total Pressure - 12.9 inches of water
Chamber Inlet Static Pressure- 11.7 * » .

Alr Mass Flow 11.75 pounds per second
Fuel Flow 752 pounds per hour

Alir Fuel Ratio - 57.3

Lean Blowout - 318/1

Inlet Tempsrature - 23° ¢

Maximum Temperature - 8222 c

Mean Temperature - 726 C

Actual Temperature Rise - 703° ¢

Combustion Intensity - 4.2 x 10° chu/ft3/r.

Outlet Temperature Distribution T max.°C - T mean °C = 9.6%

T mean
Loss in total pressure (L.T.P.) 2.5 inches Water

Pressure Loss 0.6%
Non-dimensional Pressure LTP . 7.9
Loss Pactor W *
PR A
4.0 COMMENTS

The pressure loss of 0.6% is well within the specified
maximum of 2 percent.

Using an assumed figure for the calorific value of the
fuel, the combustion efficiency was virtually 100%.

The outlet temperature contour is shown in Figure 8.
While the temperature distribution 1s acceptable and Indeed better
than that in many existing systems, it 1s considered that it should
be improved in a properly manufactured combustion chamber. The
temperature distribution shown here was obtained with roughly fab-
ricated swirl vane extensions (see Fig. 9), and mixing cones that
had become distorted by earlier unsatisfactory methods of moving them
axially in the chamber.
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It is recommended that the possibility of using this

type of cone mixer in normal aircraft gas turbine combustion
chambers be investigsted, with a view to eliminating the flame
tube and reducing the pressure losses.

5.0

REFERENCES

Reference No. 1 - Note on a Pulsating Torch Igniter,
NAE=-ENG=5
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FIG. 5 SMALL CONE CORRECTLY POSITIONED

FIG. 6 SMALL CONE APPROXIMATELY 2" DOWNSTREAM




\ .

o s SRR ERRRRERSS e grressWarrariries \ n\-o_ﬂluunz.q aﬂhhmﬂlz.ﬂb.‘n
m \ HLIm X Fadtd
1 N m
7 t \
i 1 r P
|
| NI
i Nh
&
! S A B
_ 1 9NV 5201E5S "G o /m
1 o+ s J
N
N J \
N N
il UL IR \
I .l
/
N | 0 = - SSSSSsses

WJJF.IFJ ﬂu_,ﬂa

£90IZ-8'9Ma 335
ONIHIVA 3INIYNL

S A

~MAI TS

- SIS,

7/, 4

908L-8"

ama 335

NQILO3S ONINHOM

=

v

S



Ei1G B

TOP
LOOKING UPSTREAM

INLET TEMR - 23°C

2 TEMR MAX. - 822°C
TEMP MEAN - 726°C
FUEL FLOW — 752 LB./HR

\
\ AIR MASS FLOW = |1.75 LB./SEC.
?

COMBUSTION CHAMBER OUTLET TEMPERATURE
CONTOUR -°C

(Te:? Mo 197 SV, VG, \%'3"1)
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FIG. 10

FIG. 1l

SWIRL VANE BAFFLE ASSEMBLY

e

SWIRL VANE BAFFLE ASSEMBLY (WITH EXTENSIONS)

FIG. 10 &
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