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Table 1.  Nonlinear refractive index n, of different gases.
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Fig. 1. Diagram of experimental equipment and light path.
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Measurement position
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Fig. 2. (a) Photo of the McKenna burner; (b) laminar pre-
mixed CH,/air flame.

2000
° Experiment
Linear fitting b

¥ 1800
g
5
5
®
-
[
R
g
& 1600

1400 L L

1 1 1
0.7 0.8 0.9 1.0 1.1 1.2

Equivalence ratio ¢

3 PRBEIA IR BE B A 25 2 dk LU R b
Fig. 3. Variation curves of temperature with equivalence ratio

in the combustion field.
SEIS A HIR A M e R 0.8, 0.9, 1.0, 1.1,
1.2, K1 3 & Rabenstein %529 i A9 McKenna-
JRpeds, A H 2 HU RIS T CH,/air iR K
JEIRI DX IR EE , %R AR N G 223 i 5 5%

4 HREW

4.1  TKEEOER L

BRI P T T AP ROE 22 B S5
WMEEE T IR B 22 A, E 4(a) FToR, A

BRZS M R 0.8 B e /23 SR Z I S HE )
FOUOETE T 22 W B RO AR R A, 16 4(b)
ICCD R El. kWS 4, A] LA AE— & /Y
23[RV B, 45 B R I B S AR R RN AR ) X it
B RO 57 A R A B T T A — Y
SIPE.

Hk, 852 T 5ok I, e T Wi
WO L0 RS, 5 B M thh 0.8 (1)
ot /25 SR Z T AR X RO B 22 1)
RAHEHE. KHHEE EEE A T OH, Ny, CN, CH
K H R4 Hod CH M H 7 EERHF CH,
FIEAR, T CON il i 5 2% 9 Ak SO A B, 52
50 FEARIL 350 nm £ A Ny/ NI 655 KR
T KE, 2R 2K R E

2
/-

1 mm
[E—

1 mm
]

4 (a) Wi /28 BR KOG REMEOEEE S 22 5
ARBLI B B A5 (b) ICCD HAR 181
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of femtosecond laser-induced filaments in a premixed
CH,/air flame.
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Table 2. Flame temperatures with different equi-

valence ratios.
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Fig. 6. Temperature measurement based on femtosecond

laser-induced filaments in premixed CH,/air flames.
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Fig. 7. Spatial distributions of filament in the burned re-

gion of premixed CH,/air flames with different temperatures.
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Temperature measurement in combustion flow field with
femtosecond laser-induced filament®
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Abstract

Laser-based diagnostic techniques are critical nonintrusive methods of measuring the in-situ temperature in
combustion flow fields. Developing temperature measurement techniques with high accuracy and precision is of
great significance for studying the combustion. At present, nanosecond (ns) lasers are commonly used in these
methods. However, the researches based on femtosecond (fs) lasers are relatively few. Here, we develop a
thermometry technique for combustion fields based on fs laser-induced filament. When the fs laser propagates in
an optical medium, a long uniformly distributed plasma channel (also named filament) will be generated. The
clamped intensity inside the filament is high enough to generate excited atoms/molecules through fs laser-
induced photochemical reactions. Subsequently, the excited atoms/molecules release fluorescence signals. The
length of the filament can be measured by imaging the fluorescence signal with an ICCD camera, which is
evaluated by the full width at half maximum (FWHM) of the spatial distribution of the filament emission
signal. Based on theoretical analysis, the experimental data of the filament length are fitted with a power
function, and the result is satisfactory compared with the R-squared measure of goodness (R?) of 0.984. This
indicates that the filament length is correlated well with the temperature of the combustion field. A monotonic
quantitative relationship between the filament length and the temperature can be established by a calibration
process, and then the temperature of the combustion field can be measured. When the temperature changes
from 1630 to 2007 K, the length of the filament shortens by 38%. This indicates that the filament length is
sensitive to the temperature of the flow field. When the temperature is 2007 K, the absolute uncertainty of the
measurement is +25 K, and the relative uncertainly is about 1.2%. The spatial resolution of the measurement
system is 50 pm, which was determined by a USAF 1951 Target. Based on the spatial resolution, the
measurement precision can arrive at 17 K. Although, at present, this temperature measurement technique based
on femtosecond laser-induced filament is used only in laminar premixed flames, it has potential applications in

temperature measurements ranging from room temperature to combustion temperatures.

Keywords: femtosecond laser, filamentation, temperature
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