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Fig. 1. Line-strengths of OH, NO, NH and CO, CO,, H,O
at 1800 K. The data of OH, NO, NH are taken from the
EXOMOL database, and that of CO, CO,, and H,O are
taken from the HITEMP database.
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Fig. 2. Simulated peak normalized absorbance at various
temperatures and lower-state energies of lines with line-
strength more than 1% of the maximum line-strength at
1700 K: (a) OH; (b) NH; (¢) NO.
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Fig. 3. The relative standard deviation of fitted temperat-

ure with the simulated signal-to-noise ratio of 100 at vari-
ous temperatures.
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Fig. 4. Schematic of the optical arrangement and the system of the McKenna burner with gas supply and cooling-water.
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Fig. 5. CFD setup of the grid and boundary conditions, to-
gether with the contour of OH mole fraction and the photo
of the flame.
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Fig. 6. Measured and fitted spectra of (a) OH and (b) NH
at the same height of the NH peak value (HAB = 1.07 mm)

with the instrumental resolution of 30 pm.
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Fig. 7. The temperatures and concentrations of OH and NH
in two experimental groups and simulation results from

CFD at various heights inside the flame front.
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Abstract

Temperature is an important parameter influencing the combustion reaction path and rate and determining
the combustion and energy exchange efficiency. The OH, NH, NO and other species are involved in the key
elementary reactions of combustion and determine the generation of NO, pollutants. Therefore, temperature
and concentration measurements of OH, NH, and NO are of great significance for combustion diagnostics and
research on reaction or emission mechanisms. In this work, a measurement system with high spatial resolution
based on broadband ultraviolet absorption spectroscopy is established to realize simultaneous measurements of
the temperature and concentrations of OH, NH, and NO in flames. Low detection limits of these three species
are achieved by using the established measurement method. The 1o detection limit of NH is 1.8 ppb-m
(1560 K), which is realized for the first time in atmospheric-pressure flames using absorption spectroscopy. The
1o detection limits of OH and NO are 60 ppb-m (1590 K) and 1 ppm-m (1380 K), respectively, which are
obviously better than the existing results obtained by using infrared laser absorption spectroscopy. Then, the
distributions of temperatures and concentrations of OH, NO and NH are acquired at various heights in an
atmospheric-pressure NH;/CH,/air premixed flat flame with a high spatial resolution of nearly 0.1 mm. The
broadband absorption spectra of OH and NH are acquired simultaneously inside the flame front, and the
spectra of OH and NO are acquired simultaneously above the flame front. Inside or near the flame front, the
temperatures deduced from the spectra of OH, NH, and NO are consistent, verifying the ability of these three
species to be used to measure temperature. In addition, OH, NH, and NO are found to be suitable for different
regions in combustion. The OH absorption is suitable for the post-combustion region with temperatures higher
than 1000 K, the NH absorption can be used to acquire the temperature inside the flame front in complex
combustion, and the NO absorption was able to provide the temperature in the region before or outside
combustion at lower temperatures. Additionally, the experimental temperature and concentration profiles are in
good agreement with the computational fluid dynamics predictions based on the mechanism, exhibiting the
accuracy of the simultaneous temperature and concentration measurements by using broadband ultraviolet
absorption spectra. Moreover, the differences in temperature and OH concentration between experiments and
simulations indicate that the carbon sub-mechanism in the mechanism given by Okafor et al. [Okafor E C,
Naito Y, Colson S, Ichikawa A, Kudo T, Hayakawa A, Kobayashi H 2018 Combust. Flame 187 185] should be

further improved for more accurate predictions of NH;/CH, combustion.

Keywords: broadband ultraviolet absorption spectroscopy, combustion diagnostics, temperature measurements,

concentration measurements
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