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Development of a Laser Absorption NG,/ NO: Measuring System for

(Gas Turbine Exhaust Jets

Y. Zhu H. Yamada S. Hayashi

ABSTRACT

To protect the local air quality and the global atmosphere, the emission of the trace species including nitric oxides (NO and
NQO,) from the stationary gas turbines is regulated by the local governments, and the emissions from aircraft are requested to
meet the standards set by the International Civil Aviation Organization. In-situ measurements of such species are needed not only
to develop advanced the low-emission combustion technologies but also to provide the data required for the sound assessment of
the emissionis effects on the emissions on the environment.

We have been developing a laser absorption system that can determine NO and NO, concentrations simultaneously in the
exhaust from the aero gas turbines. An optically isolated near-infrared diode laser operating near 1.8 micrometers is used to the
detect NO while a visible tunable diode laser operating near 676 nanometers is used for NO,.

The systemis sensitivity at the elevated temperatures was determined for the trial gas mixtures at S00_K in a heated optical

cell with a straight 0.5 m optical path. Sensitivities of 30 ppm-m and 3 ppm-m have been demonstrated for NG and NO,,

PPN AT PN TIPS Ay SN I S NS T T T T o rnm o wery PPN Tvnparimanto 11 A Qirm o ~rhasio nxre hava nray,
respectively, at the typical gas turoine cxnaust iemperatuie of SOG_K. Expe nis in the simulated exhaust flows have proven
that CO, and H,O vapor - both major combustion products - do not show interfere with the NG or NO, measurements
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4 13  Reproducibility of NO2 detection at 298K,

1 atm and 0.5 m path absorption.
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FBA RS —V oI 0D OEFR T AR T
B%D COz bk HeO HEFNTVDE, —H, RERIZ
NO & NOz B OMlEH L —¥ —F ¥ 2 — VO FERE
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[ppm]?® NO O REIL 107 124 LT 5% D CO2 A AD
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00 FEEEIIAEE LT h, 8602, EEEHIH oW
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DERCEELEEZLVICH LT, K¥ETIENO &
NO:2 % FEHHIES 5 FF121E CO2 & HoO D F 5B H
WE L DRERAIEEICEETH S,

WFSE B SE R ZE Bl S8 A JAXA-RM-05-002

14 ETHEEEHRAT 2 ERICHERELD >
PR AME 2 AT, ERITEIEM TEDLDAT
Wby S ANOESE 400 [mm] T, (&L 10 [mm] T
BB EMTILEBENT Y AONQH ADIEED 2000
[ppm]. EFE/NT ¥ AD NO2 H A DAY 106[ppm].
LEINT Y AD CO2 DIRFED 4365% DR »~H A%
ol RyNEHFABHY AT TOH A BEEIC,
gri= b U g Pes ¥ - BRE LT, ees
o b OER T —Em I i INE T 5 4 Bhas i ge & Ak Ly
T2 BRI O SRAH AL, Ekes>miEs 5

R, F7o, @B LEE R A

AR dy & h WL CRE D kb, HARBEEE
hTwab, BICTFHEBRICBIT 287 A0ED
BAZEETARMBERT I 15 12T FOEBROFER L
NI

%)Jm’?"ﬂif‘y«\“; b 20[l/min] DEFERHL,
293K [ZEETE S AU/ NEAS £ M L 2o fh, T ARG X
irb Pﬁ?% %mﬁ@ﬂ*“%wm £A5, NO D
e ASIRERETEE 0 [ppm] 123 LT, FHE 42 [ppm]
HIFRR E 72, NO2 O i FEASHEERE A 0 [ppm] 12 4F L

Bl 14 T aR i o7 2 2 A

4¢3 Major constituents of the exhaust jet (Flow rate: {/mir)

@ | ® | © d | @ | O | @ | (O

NO (2000ppm) 0 5 5 5 5 5 0
NO: (106ppm) 3 5 5 0 0
CO2 (4.365%) 0 0 20 0 0 0 0
Air : 20 | 20 | 20 0 200 15 | 15 | 18

Total flux  (/min) 20 | 25 | 30 30 30 | 25 | 20 | 15
Theoretical | NO (ppm) | 0 0 | 333 | 333 | 333|400 | 500 | 0
concentration | NO, (ppm) | 0 |21.2 | 176 | 176 | 176 | 212 | 0 0
Measurement | NO (ppm) 45 22 290 290 290 | 380 | 450 0
average value | NO, (ppm) | 0 | 20 | 18 18 | 18 | 20 | 5 0
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[4 15 Examination of interference with CO2 in NO and NO:z detection at

293K, 1 atm, and 0.5 m path absorption
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EOEL R EIER L 72, 100 . NO F A % 1[{/min]
7 NO2 DREHEAN A AN Z T, 3/ min|H2& L
3[1/min]® COoxAir 7T A EATHIZH LT, NO2 D
AR OECOF LR L7216 1k F 0B

FTHD ., LHIZ COYAIr FRIZANE AL TYE NO &
NO2 DX REE I S LA X T v L &Y
L7ze 2T, REFFETHE LAEE CilERS N
MERDWILT 4 VI BIREET AR IZKED CO2 A
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BBV 2, RV AOFENICEL Twh
T EMHERRE Nz, —H . K16 @ 473K DR DI EE
OEBIFIEE 15 OFIROBERE 0% h K& R
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LNODHHKREDPoLZELFELTHoI. ZDK
Y I ENIRI AR OO M A R L 2 1
URT<EMETHD,

3. 4 AEBEOHMERE

15 & 16 1278 L A2 NO. NO2 B ol L0 F
HEGHER L BES ADRBEELEVDOD, 20
EERIEIEEIIREVWZ EWGhol, $/, 0%
BhiEiE NO: F A EHL D b NODFFKEh -2
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16 Examination of interference with CO2 in NO and NO2z detection

at 473K, 1 atm, and 0.5 m path absorption
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HhHo GHZHIEE$1 [mm]D b D% ¢3 [mm]DKE
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FTOMEREREIT 5 2, LT INASE RO MES
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17 Typical optical multi-pass set-up
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22 NO and NO2 determination with the multi-pass cell having
parabola mirrors at 430K, 1 atm, 40.5 m path for NO and 6.5m for NO2

path absorption.
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