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ABSTRACT
Monitoring scalar fields within aero-engine combustor is of particular importance for performance promotion and

engine failure diagnostics. Due to harsh operating conditions and quite limited space, direct measurements of combustion
state within near-real conditioned engine combustor were rarely reported. Therefore, this paper reports spontaneous
Raman scattering (SRS) measurements of temperature and major species, such as CO2, H2O, CO, N2, within a reverse-
flow model combustor fueled by kerosene under elevated incoming temperature of 500 K and pressure of 5 bar. The
model combustor was on purposely designed to reserve both outer shell and inner liner, and the liquid kerosene was
fueled with a customized atomizer. The SRS measurement were conducted at 10 characteristic spatial locations and
varying equivalence ratio. The measured species and temperature revealed strong effects of turbulence-chemistry
interaction and deviation from chemical equilibrium. Together with the CFD simulation, the SRS data was used to
evaluate the performance of the model combustor.

INTRODUCTION
Accurate measurement of internal flow field, such as velocity, temperature, and species distribution, contributes to

not only a better understanding of the flow physics within aeroengine combustor but also a requirement by more and
more strict standard of fuel efficiency and lower pollutant emission(Wehr et al., 2007). Conventional diagnostics methods
can be roughly divided into two categories: intrusive and non-intrusive measurement technique. The intrusive method
refers to using probes, thermocouples, and gas sensors to diagnose combustion flow state, apparent drawbacks of which
include the interference to flow field and slow response rate. In contrast, the use of latter one can aovid the shortcomings
of intrusive measurement method effectively, such as limited test range, large flow field disturbance, low spatial and
temporal resolution, and incomplete point information (Fei et al., 2016). As a well-established non-intrusive diagnostic
method, spontaneous Raman scattering(SRS) can simultaneous measure the major species concentrations, mixture
fraction, and temperature (Thariyan et al., 2011, Normand et al., 1988, S. et al., 1977). It has been widely used in the
study of turbulent jet flame (Magnotti and Barlow, 2017, Gabet et al., 2010), internal combustion, supersonic combustion
(Sander and Sattelmayer, 2002) and so on. Compared with Rayleigh scattering and laser induced fluorescence technique,
the signal of spontaneous Raman scattering is rather weak, making it vulnerable to all kinds of interference from stray
light. However, the use of spectrometer with image intensifier and the careful tunning of the optical path can effectively
improve the signal-to-noise ratio, realize the measurement of major species concentration in the combustion field (Gittins
et al., 2013 , Kojima et al., 2002).

A number of investigations in gas turbine model combustors operated at elevated pressure and preheated air are
reported in the literature where laser based measurement have been conducted (Hassa et al., 2006, Kojima et al., 2002).
To apply SRS measurements in gas turbine combustion, there are several practical challenges: 1) Certain amount of laser
pulse energy is required to ensure sufficient signal to noise ratio. However, the undesired optical breakdown sets an upper
limit on the pulse energy that can be used, especially under high pressure and kerosene combustion conditions; 2)
Exclusion of stray light and other radiant interference from reflection of combustor shell, optical window and all other
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sources needs careful optical path design because of its confined space, limited size, and complex structure; 3) Kerosene
combustion often brings unburned carbon deposition on the opcial window glass, which will seriously affect the
collection of Raman signals. Therefore, it is necessary to apply quick-replaceable glass and ensure the
air impermeability of the combustor. Wehr et al. performed 1D Raman scattering measurements in a gas turbine model
combustor fueld by nature gas with operating pressure of 10 bar (Wehr et al., 2007). The overall combustor geometry
was relatively simple, consisting of a rectangular crossection mounted with optical windows on both sides. Strong
turbulence chemistry interaction and large deviation from chemical equilibrium was found in the study. Hicks et al.
conducted firstly reported research work of point SRS measurements in a Jet-A fueld axial flow gas turbine combustor
with pressure up to 55 bar (Hicks et al., 2002). The temperature within the combustor chamber was derived according to
the raio of stokes to anti-stokes Raman signal. Tedder et al. further measured temperature and major species
concentrations in a model combustor produced by a 9-point lean direct injector fueled with JP-8 (Tedder et al., 2013).
Through spatially traversing the laser beam and collection optics, a 2D mapping of the average temperatrure distribution
meridian and lateral cross-section.

To the authors’ knowledge, Raman scattering measureemtn has never been reported in a reverse-flow aeroengine
combustor using kerosene as fuel. In this work, we performed the SRS measurement within a space-confined, double-
layered and reverse-flow mode combustor fueled with Kerosene. The primary objective was to demonstrate and validate
the feasibility of spontaneous Raman measurement of scalar fields, i. e. temperature and major species concentration, in
such challenging environment. The experimental setup of model combustor, laser delievery system, and Raman signal
collection are introduced, then the results of temperature, species concentration variation, dependence on pressure and
probe location is discussed in detail.

EXPERIMENTAL SETUP

Reverse-flow combustor
A single sector reverse-flow combustor test rig was used for the experiments. An obvious difference of the reverse-

flow combustor from axis flow combustor is that compressed air flows into the reaction zone from the rear end of
combustion chamber, while the burnt gas first flows forward and then backward to form a circulation reflux. Such
reverse-flow configuration allows a shorter axial length of the combustor to be used. The combustor was mainly divided
into two parts: outer shell and inner liner which is schematically shown in Figure 1. As shown in Figure 1(a), the outer
shell consists of the left, right casing parts, and an upper cover, which was designed for easier replacement of the
damaged components. The casing wall thickness was 5 mm, making it resistant to moderately elevated pressure. The left
casing, which was connected with the high pressure air source, an air inlet flange, a thermocouple and a pressure sensor
interface to measure the inlet temperature and pressure of the combustor. The upper cover had two optical windows for
laser entering and an ignition nozzle interface, and circular observation windows with a diameter of 36 mm were
arranged on both sides of combustor.

Figure 1 (a) Structure of the outer shell of the reverse-flow combustor, (b) Schematic diagram of
the inner liner and diagram of light path,(c) Three thermocouples in the center of outlet.

Similary to the outer shell, both sides of inner liner were arranged circular observation windows with a diameter of
36 mm, as shown in Figure 1(b). As kerosene burning can lead to carbon deposition on the glass surface, the flange
structure of the circular observation windows was easy to remove and replace the window glass. The upper and lower
liner of the flame chamber were equipped with mixing and cooling holes. Part of the air entered the flame chamber from
the swiler and the primary holes, while the other part entered the flame tube from the cooling holes and the mixing holes,
which acted on the flow field of the combustor together making combustor sustainable and stable. There were three
thermocouples at the outlet of combustion chamber to measure the burnt gas temperature, as shown in Figure 1(c).
Primary goal of these thermocouples was to allow an approximate but direct monitoring of combustion state within the
chamber, avoiding overheating of the chamber and potentially successive damage. As can be seen, the geometric
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configuration of our combustor was complicated (more than many other similar diagnostic study reported in literature).
Apparently, such geometry introduced many pratical challenges in laser measurements. However, we would like to stick
with this shell-in-shell configuration because, 1) The two shell structure could best mimic the complicated reacting flow
within the engine combustor, 2) application of non-instrusive measurement technique in the harsh engineering
environment was a goal which had long been desired, and 3) successful measurement in this two layer combustor would
make potential adoption of relative method in a real aeroengine easier.

In this work, we measured the Raman scattering signals of reverse-flow combustor under the following operation
conditions, as shown in Table 1. The effect of varying inlet pressure (1 atm and 5 atm) and fuel/air ratio (0.014, 0.021,
and 0.028) was examined. The variation of temperature and species concentration will be discussed in detail in the next
section.

Table 1
case number Inlet pressure（atm） Inlet temperature（K） Inlet Mach number Fuel/air ratio

1 1 500 0.1 0.014

2 1 500 0.1 0.021

3 1 500 0.1 0.028

4 5 500 0.1 0.014

5 5 500 0.1 0.021

6 5 500 0.1 0.028

Raman system for test
The excitation laser was a frequency doubled solid state Nd:Yag laser with available pulse energy up to 1.4 J/pulse

and 10 Hz frequency. The initial beam diameter of the laser was 13 mm , the pulse duration was ~8 ns, and the laser
beam diameter was expanded to 18 mm using a telescope lens group of a convex lens (f=150 mm) and a concave lens
(f=-200 mm) (Moore and Mcgrane, 2014). The beam expansion was required here to reduce the potential damage of
optics when high energy pulse illuminated. In order to avoid optical breakdown in the focal region which may cause
permanent damage to the CMOS camera and the image intensifier, and also increase allowable energy that can be used in
Raman measurement, the laser pulses were stretched by an one-leg optical ring stretcher built by a 5:5 beam splitter and
corresponding high reflectivity mirrors to expand the pulse width of the laser from 7 ns to 22 ns (Bayeh and Gradworks,
2013). After that, a 1:9 beam splitter was used to one more time divide the laser energy, with 10% energy used for real-
time energy monitoring by a Coherent Energy Sensor(Coherent Field MaxⅡ ) and 90% used for Raman measurement.
The overall laser beam delivery system is shown in Figure 2.

Figure 2 Schematic diagram of Raman system
As illustrated in Figure 1 (b) and Figure 2, the probe laser beam after the beam splitter was firstly refocused by a

cylindrical lens (f=500 mm) (Fei et al., 2016), and then entered the test area of the combustion chamber from top through
the main combustion holes. The normal probe laser beam diameter was 0.5 mm at the location being measured. This
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choice of probe beam diameter was determined by a compromise of two contradictory factors, dielectric breakdown at
the focal point and at the optical window on the top. Moreover, the reverse-flow configuration of combustor does not
allow the bottom of the combustion chamber to be made transparent, therefore obvious laser ablation could be observed
when high pulse energy used during experiment. Taking all these limiting factors into consideration, the actual pulse
energy delivered to the probe point was around ~100 mJ, as indicated by the energy meter.

Figure 3 futher illustrates the light collection optics from the top view. To ensure the highest collection efficiency,
the Raman emission was collected at 90˚ by an achromats (f=75/100/125 mm), and then focused using a second
achromatic (f=200 mm) to the entrance slit of the spectrometer (Princeton Isoplane Spectrograph SCT320) (Gabet et al.,
2010). The switch of using different focal length lens as the first achromatic was to accommodate the different probe
locations and maintain a minimum movement of the spectrometer. When the position of the measuring area relative to
the combustor changed, the first collecting lens was also replaced with a lens with needed focal length. The focal length
of the collecting lens was f=75/100/125 mm, and numerical apertures of lenses were about 50.8/48/45 mm respectively
for the size of the observation window was limited. A home-made dark cylinder was used between each collection optics
to minimize stray light scattered into the detector (Hicks et al., 2002). To eliminate Rayleigh and Mie laser scatter
elastically, a 533 nm coated notch filter was placed in front of the entrance slit. A slit width of 0.5 mm, a magnification
of the detection optics of 2.5, and a pixel binning of 80 pixel (15 um /pixel) resulted in an imaged probe volume of 480
um in diameter.

Figure 3 Schematic drawing of the Raman light-collection system
The accuracy of the SRS method was primarily validated by comparing temperature measurement versus

simultaneous thermocouple measurement results (Tedder et al., 2013). At 500 mm downstream of the combustor exit, a
thermocouple and probe laser were closely arranged with ~2 mm apart from each other in the flow direction, as shown in
Figure 4. Two sets of validation were designed, 1) preheated incoming air temperature at the exit of combustor without
fuel injection or combustion; and 2) burnt gas temperature with varying different fuel/air ratio (0.014, 0.021, and 0.028)
at the exit when combustor was under operation. Note that chamber pressure in each case was always one atmosphere,
since the combstor outlet was open. The comparison results are shown in Figure 5. Figure 5 (a) shows the temperature of
outlet air from the combustor when upstream have been heated. Obvious and strong variation of Ramam measured
temperature can be observed, while the temperature of the thermocouple remains at the same level. Such difference was
due to the response time of the thermocouple was around 1 second and Raman measurement sampling rate was 1 Hz.
Nevertheless, the thermocouple measured temperature was the same level as the mean temperature of the Raman
measurements. In Figure 5 (b), the mean temperature of Raman measurement was compared with that of thermocouple
for all the two sets of validation. As can be seen that the two measuring result were very close. The best fit corresponds to
the validation with hot air, and the agreement of hot burnt gas was generally acceptable. As to the species concentration,
we measured the air composition for the hot air validation case to verify the accuracy of SRS measurement method. The
measured concentration of the main species are shown in Figure 5 (c). It can be seen that only N2, O2, and H2O were
found existing since it was the air that were measured. The mean molar fractions of this three species were marked by the
black dotted line in the figure, which were 0.75, 0.195 and 0.055 respectively, which perfectly corresponded to air
conditions and humidity. According to the air condition, the relative error of N2 concentration was (0.78-
0.75)/0.78=3.85%.
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Figure 4 Schematic diagram of SRS and thermocouple measuring temperature synchronously at
combustor outlet

Figure 5 (a) Temperature of outlet air from combustor when upper stream have been heated, (b)
the comparison of temperature measured by SRS and thermocouple for all the two sets of validation,

(c) species concentration of air measured by SRS change over time in calibration experiments.
According to Figure 5 and analysis, we believed that our SRS measurement system was capble to yield a reasonable

temperature and concentration results.It is noted that the internal combustion flowfield of the reverse-flow combustor
was even more harsh, and the accuracy of measurement could deteriorate. This was because the temperature within the
combustion chamber could be even higher, the signal collection efficiency was lower, and the laser energy could be used
was even more limited. However, we would suggest that the SRS can consistently provide a direct, quantitative, and in-
situ measurement of the combustion state within the double-shelled chamber, while other intrusive methods were not
capable for such work. Therefore, we sticked with the SRS method in this work and tried to present valid measurement
results of inner reacting flowfield, as will be discussed in the next section.

RESULTS AND DISCUSSION
The spontaneous Raman scattering signal were collected by a Princeton Isoplane Spectrometer with a single

acquisition time of 150  s and a sampling frequency of 10 Hz. The total length of one time acquisition was 10 s,
equivalent to 100 instantaneous snapshots of data during a test. Figure 6 shows the Raman spectra of the reverse-flow
combustor in both non-reacting and reacting states, which revealed the dynamic variation of SRS signal. The energy
entering the measurement area was about 55 mJ/pulse to keep a good signal-to-noise ratio. There may be occasional data
loss at some moment due to camera overexposure caused by dust spark, and we simply excluded these in data analysis
and processing program. Also we noted that such camera overexposure occurred more often in combustion case, because
of the existence of unvaporized droplets and unburned carbon soots. In Figure 6 (a), the signal of air was measured and
the air molecular number density was relatively high (around 20) due to the low temperature and correspondingly high
molecular number density. This leaded to a nice Raman spectrum, and the spectrally separated Raman signal peaks of N2

and O2 could obviously be identified. We used these air Raman spectra to calibrate the optical efficiency of our collection
system. In Figure 6 (b), the peak of N2 in the Raman spectrum was greatly declined since kerosene burning raised the
temperature in the combustor, and the O2 signal was attenuated even more because a lot of oxygen was reacted. Due to
the strong background noise and small signal to noise ratio, the Raman spectra of other species were not so obvious and
could only be obtained by Raman spectral postprocessing program.
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Figure 6 Raman spectra of reverse flow combustor in non-reacting and reacting states, (a) Raman
spectra at 20 moments in non-reacting state, and (b) Raman spectra at 20 moments in reacting state.

In order to reduce the interference to the flow field structure and state parameter changes inside combustor, laser was
directed into the combustor through the main combustion hole, and the corresponding Raman scattering signal was
collected from the observation window at the side. A coordinate system was established as shown in Figure 7. The center
of swiler was taken as the origin of coordinates, the primary direction of the air flow inside the combustor was the X axis,
and the vertical upward direction was the Z axis. Raman scattering signal were measured for a total of 10 spatial points
by adjusting the position of probe laser beam, and their spatial position coordinates are shown in Table 2.

Figure 7 Spatial position and coordinate system direction of measurement points in reverse flow
combustor

Table 2
Serial number X（mm） Y（mm） Z（mm） color

Meridian
cross-section

point 1 43 0 -4.0 blue
point 2 43 0 -2.0 blue
point 3 43 0 0.0 blue
point 4 43 0 2.0 blue
point 5 43 0 4.0 blue

Lateral cross-
section

point 1 37 28 -2.0 red
point 2 37 28 0.0 red
point 3 37 28 2.0 red
point 4 37 -28 0.0 red
point 5 37 -28 2.0 red

The parameters of the flowfield inside the reverse-flow combustor varied rapidly and dynamically. To accurately
understand the dynamic change rule, we organized the measured results of temperature and species concentration within
10 s when the fuel/air ratio was φ=0.028 and pressure was 1 atm. The data of disable moments such as over-exposure
were removed, the changes of temperature and species concentration over time could be obtained after data processing,
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and details are shown in Figure 8 and Figure 9. From the Figure 8 we can see the concentrations of all the observed
species fluctuated with time. Take N2 as an example, the highest concentration was close to 70% while the lowest was
close to 40%, which may result from the fluctuation of the flow field parameters to be measured in combustor. Figure 9
shows the dynamic changes of temperature in the flow field of the primary combustion zone with time. It can be seen that
the temperature was around 850 K, and there was a significant fluctuations, indicating an intense turbulence in the
primary zone of the combustor. The calculation of temperature in this experiment depended on the concentration of all
major species measured and the pressure change inside the combustor, combined with the ideal gas state equation (T=
P/RC), thus, the measurement result in Figure 9 must be consistent with the change in species concentration seen in
Figure 8.

Figure 8 The dynamic variation of species concentration in the flow field of the primary
combustion zone with time（φ=0.028, P=1atm）

Figure 9 The dynamic changes of temperature in the flow field of the primary combustion zone
with time（φ=0.028, P=1 atm）

Figure 10 shows the variation trend of the mean temperature of five measured points on the meridian cross-section at
1 atm, with three fuel/air ratio (φ=0.014, 0.021, and 0.028). Each point in Figure 10 represented the average temperature
of approximately 100 moments within the time spread of 10 s. As can be seen from Figure 10, the corresponding average
temperature of measuring point Z=0 was about 900~1000 K at different fuel/air ratio. The maximum average temperature
at Z=0 was about 200 K higher than that at Z=4 mm. This can be attributed to a fact that the measuring point was located
near the main combustion hole, and a large amount of cool air entered the combustor and mixed with the hot burning gas
near the swiler, reducing the temperature of the flow. On the contrary, at the position Z=0, the distance from which to
main combustion hole was further, and the influence of mixing air flow was negligible, so that the temperature at the
position Z=0 was the highest. From Figure 10, we can also see that when the fuel/air ratio was φ=0.028, the temperature
of all measuring points was higher than φ=0.021 and φ=0.014, and the corresponding φ=0.021 was also slightly higher
than φ=0.014, which indicated that the higher fuel/air ratio, and the higher temperature.
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Figure 10 Temperature variation at different measuring points in the meridian plane（P=1 atm）
The three fuel/air ratios used in this experiment are shown in the Table 3. Since for kerosene combustion, the fuel/air

ratio under the condition of stoichiometric ratio was about φ=0.068, the experiments in this work were all fuel lean in
general. However, a part of the air entering the combustor was used for mixing and cooling, the actual air amount
involved in combustion was much less than the total air. As a result, the three states in the primary combustion zone were
approximately fuel-rich, stoichiometric ratio, and fuel-lean states, according to the initial combustor design. Figure 11
shows the average temperature of two measuring points on the meridian plane as a function of the fuel/air ratio. The
spatial coordinates of two measuring points were (43.9, -2.0), (43.9, -0.0) respectively. As shown in the Figure 11, the
average temperature was higher when the fuel/air ratio was higher at each measuring point. The average temperature at
different fuel/air ratios could differ by about 50 K at most. Such difference was also reflected by observation in the video
monitoring during the test. When φ=0.028, the flame was full of the whole window, and the flame glowed reddish light,
while φ=0.014, the liquid fuel atomization was poor and flame could not fill the whole viewing window, and the swirling
flame often exhibited a large area of blue color.

Table 3 Experimental fuel/air ratio
Serial number fuel/air ratio note

1 0.014 lean fuel
2 0.021 lean fuel
3 0.028 lean fuel

Figure 11 Temperature of flow field in primary combustion zone varies with the fuel/air ratio
Figure 12 compares the changes of average temperature at the position of measuring point 1 on the meridian plane

under different pressure (P=1 atm and 5 atm) and fuel/air ratio conditions (φ=0.028, 0.021, and 0.014). Under high
pressure, the average combustion temperature was about 100~200 K higher than that under normal pressure. This
calculated results comply with visual and auditory observation. During the experiment, it was found that much more
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intensive fuel combustion at 5 atm, demonstrated by the overposed glowing radiation and roaring noise from the
combustion chamber. Quantitatively, we attributed such temperature rise to better mixing. With a 5 times higher
operating pressure, both the air flow rate and fuel flow rate were also 5 times higher than that of atomospheric condition.
In this case, the swirler worked in a better condition, liquid fuel atomization improved, and fuel cone penerated deeper in
the combustor. All these contributed to a better fuel/air mixing, and also contributed to a better combustion state. A
higher combustion temperature then came along correspondingly.

Figure 12 The changes of average temperature at the position of measuring point 1 on the
meridian plane under different pressure (P=1 atm and 5 atm) and fuel/air ratio conditions (φ=0.028,

0.021, and 0.014)
Figure 13 and Figure 14 show the temperature/species concentration variation of the meridian plane measuring point

1 at three fuel /air ratios (φ=0.028, 0.021, and 0.014) at P=1 atm and 5 atm, respectively. From this data, we can see both
temperature and concentration of species fluctuated in a wide range with time. The average temperature of all states was
obviously around 850 K, the highest value could reach 1200 K, and the lowest was about 500 K. The change of
temperature and species mole fraction was different at each moment, indicating that the turbulence in the primary flow
area of the combustor was very intensive. In this study, the temperature calculation depended on the concentration of all
the main species measured and the pressure,combined with the ideal gas state equation (T= P/RC). Therefore, when the
combustion was incomplete, the concentration of species was high and the temperature was relatively low. On the
contrary, when the combustion was more complete, the species concentration was lower and the measured temperature
was higher. Different conditions leaded to different averaged temperature that with certain fluctuations. For example, at
normal pressure, the average temperature of φ=0.028 was 1026 K, while the average temperature of φ=0.021 and
φ=0.014 was 986 K and 955 K respectively. It can be seen that when the fuel/air ratio was higher, the flame burns at
wider temperature range.
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Figure 13 The temperature/species concentration varyition of the meridian plane measuring point
1 at three fuel /air ratios over time at P=1 atm
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Figure 14 The temperature/species concentration varyition of the meridian plane measuring point
1 at three fuel /air ratios over time at P=1 atm

From Figure 13 and Figure 14, we can see that, the concentrations of all the observed species also fluctuated over
time. Take N2 as an example, the concentration varied from 40% to 70%. The following factors leaded to such result: 1)
Fluctuation of the flow field parameters to be measured in combustor; 2) The change of the signal-to-noise ratio caused
by the energy fluctuation of laser; 3) The measurement error caused by the scattered light of unvaporized kerosene
droplets and unburned carbon soots. Besides, the content of N2 and O2 in air were relatively high, while the content of
other components (CO2, CO, and H2O, etc.) were much lower. Theoretically, the N2 took little or no part in chemical
reactions, but the result shows that the mole fraction of N2 still significantly decreased, as involved in chemical reactions
and formed a lot of products. The mole fraction of O2 also decreased significantly, because most oxygen was consumed
in the primary combustion zone, and the concentration was generally lower than 20%. On the other hand, the measuring
points in this experiment were near the main combustion hole, and more fresh air entered the measuring area inside the
combustor, so that the Raman spectra of combusting and non-combusting states had certain similarity.

Figure 15 The temperature distribution diagram of the combustor under 1 atm/5 atm conditions
was obtained by numerical simulation (inlet air flow = 0.02 kg /s,inlet temperature = 500 K, and the

fuel-air ratio = 0.028)
We have presented the temperature and concentration variation at different spatial locations, different fuel/air ratio,

and different pressure. The temperature measured in primary reaction zone was lower than the common impression of a
hydrocarbon combustion field, of which the temperature was usually close to 2000 K. To explain this observation,
numerical simulation of the combustor was carried out for case 3 and case 5, with inlet air temperature of 500 K and
fuel/air ratio of 0.028 (Kundu et al., 2013). The temperature distribution results are shown in the Figure 15. A high
temperature zone was formed in the area near the nozzle of the inner liner. The maximum temperature of the primary
combustion zone could reach about 2250 K at 1 atm, and about 2350 K at 5 atm. By comparison, it can be found that the
temperature of primary combustion zone at 5 atm was higher than that of the low-pressure condition, and the range of the
high temperature zone was relatively larger. This phenomenon was result of the influence of pressure on the pyrolysis
reaction of species such as H2O and CO2, the maximum temperature in the combustor under high pressure was about 100
K higher than that under low pressure. Meanwhile, under high pressure conditions, the more the head air flow penetreates
the downstream, the greater it’s impact on the combustion area. With the increase of pressure, the air flow entering from
the mixing hole had a greater influence on the flow field and outlet temperature. By comparing the two working
conditions, it can be seen that cool air continuously flowed into the combustor from the cooling hole, a low temperature
zone near the wall surface was formed, which provided a good protection on the combustor wall surface. Finally, as
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shown in Figure 15, the temperature of measuring area was about 800 K, and roughly matched the actual data obtained
by SRS technique, providing an side explanation for our measured temperature. On the other hand, a more complete and
thorough understanding of reaction zone flowfield within the reverse-flow combustor needs more measuring positions,
and this is the next step of our study.

CONCLUSIONS
In this experiment, we measured multiple points in the flow field within the primary combustion zone of the reverse

flow combustor with SRS under different pressures and fuel/air ratios, obtained the results that temperature and species
concentration of multi-point in the space change with time. The followings are concluded based on systematic and
comprehensive analysis of the experiment data:

1) The turbulence level of flow field within the reverse flow combustor was extremely high, which changed the
parameters (e.g. temperature, species concentration), with temperature fluctuation of approximately ±150 K.

2) The fuel/air ratio definitely affected the flow field inside the combustor. The higher fuel/air ratio, the higher
burning temperature. When the fuel/air ratio was φ=0.028, the average temperature could reach 950 K, while for
φ=0.014, the average temperature was about 100 K lower.

3) Pressure had a great influence on the flow field measured in the combustor. At 5 atm, the combustion reaction was
more intense and the measured temperature was also higher.

4)The temperature varied with the spatial position inside the combustor. The highest temperature was in the center of
the combustor, and it decreased when it is near the edge of the upper and lower inner liner, due to the entered cooling air.

This experiment preliminarily explored the measurement of flow field within the reverse flow combustor, but there
are still problems to be solved, such as the interference of unburned hydrocarbons Raman spectral in the flame, the weak
Raman signal caused by small observation window, and the strong background result from the reflected light on the
casing internal face. Further research is needed to solve these problems.
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