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Measurement of supersonic flow parameters using laser
absorption spectroscopy

Song Junling®?, Hong Yanjit, Wang Guangyu?, Pan Hu®

(1. State Key Laboratory of Laser Propulsion & Application, Academy of Equipment, Beijing 101416, China;
2. Science and Technology on Scramjet Laboratory, Hypervelocity Aerodynamics Institute of CARDC, Mianyang 621000, China)

Abstract: Based on the tunable diode laser absorption spectroscopy (TDLAS) technique, temperature,
concentration, velocity and mass flux of the supersonic flows were measured in isolator of a direct-
connected scramjet. Two H,O absorption transitions 7 185.597 cm~ and 7 454.445 cm~ were adopted by
using direct-absorption and Time Division Multiplexing strategy. The measurement results show the static
temperature is of 899 K and the H,O concentration is of 20.7% calculating from the absorption area. A
cross-beam configuration with angles of 60° along the flows was used to measure the axial velocity.
Combined with the pressure sensor on the wall and the measured velocity of 1205 m/s, the mass flux of
the flow is of 1500.49 g/s with deviation of 5.23%. The TDLAS measured system can be used for in-
situ measurements of multiple parameters of supersonic flows.
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Fig.3 Velocity and temperature distribution along line of sight

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

% 11 #

FARTF R TR BOR 3 H AR 0) A8 5 ik AR A R & 3513

4 ZHMELR

4.1 E&WE

SRR A I B T 2, O R AR R
REAE S 43 il 45 T S OEAR A8 - A 4 . SR
i) F-P #5#EH (ThorLabs, SA200-12A)F £ i #4547
ROH A MG E R 1.5GHz, & 4 451 T Ok
RGO S RER N TWES ., TWES
PR U 22 ) A RO A 38 22 g L FL A G 1Rl X b o
BTG5 i O A BE  [H] A9 28 40 0C R AT =K
FEZRARAE, 8 T 45 2G5 h A A OO

4
Detector sagnal
\ iz 0.04
3 i
= 3 Etalon signal E-'
g 003 g
W a+ 1 3907 am é
= 3
8 002 =
] =
(7] =
& &
i 0.01
iy 05 1.0 1.3 20

Time/ms
[l 4 ORGSR 5 Fbs i A5 5 B A R] 9 25 1k

Fig.4 Signals of absorption and etalon vs time

TESCYGITUR I, T4 2 e A B AE , SR 4%
T MAE T 5 BEJS , 2R S B BN W5, (HIE W
S HURE 2 P U 22 B R B, Y A% Y
WA 5 A A o0 s, &l B i

lins ; (b
0.4 Upstream heam E 0,4

----  Downstream beam

g pat H 0.3 %
2 Tiaseem [ =
2012 : &
L -
ﬂ 1454445 L B 2
0. [ E !..ll S . I
N ~ &
2 04 06 08 10 02 04 06 0K LD

Felative frequencyicm ' Relative frequency/cm”’

5 Wi <M Wi 2k Doppler 4%
Fig.5 Doppler shift of two absorption line shapes

S AR 10 AR SRS AR S R A T B
K 5555 S 56 Y 5 R ) M R R IR U
55 P AR RS A AT SR I IR LA R
TSGR 1o, SR Voigt 8 E 44, Hoh ik 2k
7185.597 cm SR A WUE LA
4.2 RiRSHENE

ARt L 7 185597 cm™ F1 7454.445 cm !

AR R 3 W AT AR, AR A 2 2 (4) A 30 0] 7 T B )
SR E 6 P, BTREBAN L TIHRE S mA
5], NG RN 2 i 7 ] T 2% 01 6 T 4
WEAANE] . 7E 1.7~4.52s N, 15386 45 I 301 7 1) B °F
By 1 25 5 Oy 899 K, ArifE 22 12 K, MiUE i 37 J7 1] il

JE 255y 883 K, pnifi 22l 12K, A,
_ T
! 1+KL e ©
A To B k 4 R B 1.33; Ma 2 By ik
B, S e 2, THRENS IR R 897 K, I 4
B IE N 22 73 5 0.2% 1 1.5% , 5 5 (ki it
ORI 4 R AH LB 22 R 4.8% 11 6.4%

1050 T
Lt UpsLream
1 (0 H‘ Downstream
| Frodicied temperature
o
o Ps0F ¥
5 - L
] ”“1' Mg . wco AR B
g oo - Ehp e A
g | L 41" V ¥ .'I
ﬁ BA0F 1 |
&) |

T30

1.0 1.5 2.0 25 30 35 40 435 350

Times
(& 6 I 2 2 455 2R

Fig.6 Temperature measurement results

FRE A (), B W I3 26 7 185.597 ecm~t (1) 4
Rt i v | ARl 7 Firos , Horh R e i
]2 3.3 s, IS T A(E 1216 m/s, 45 - K
1205 m/s, 4k SR A S T 45 SR AR 0.9%
Ji DR 7 Bl B B AR ZE G L) ) S A2 D T 4
5, AR9E 4 715 CFD Flim 45 it S22 R 5Ok
FEBY 2% , 275 SCHR[6] BT 5T 2 B, X Py 0 T 0 4 45
FAL T ZE R 1%, TS5 R 5 Scikes Rl &

B M e

! | i 3 /
- VA e W ﬂ'd_[ﬂ.l
| —— TDLAS measurement
Predicted velocity

Velocity/m-s'

L1500 b X .
1.2 LE 24 30 16 A2 48

e 1.2 1L3 4 30 36 421 48
Timefs

7 U PN AR

Fig. 7 Velocity measurement results

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

3514 B D

% 43 %

2 B2 (137 8y 400 mm 4b g 15 IR 2 B
5.682x 10" Pa., I 1l £ A 7L B 285 S 1 F A W i 2k
7 185.597 cm Ay W IS TR AR IR IS RG AR B, AR
3 (5), 133 HO 4H 73 e B Bl i |] 1) 22 4k, 4 1&] 8 i
N A 1.7~4.52's YA o HR B Y 45 RO
0.207 , MR 48 1 A SR BC LE , 715 H, 58 2k e 2% 1
T H,O M2 431 B Ay 0.197 , 1l 45 FF A4 B8 F A 2
4 5.07%.

0240 ;

— Measured value
-== Predicted value

Concentration
(=
i
g
é’
=

Time's
[ 8 H0 2H 43k J& Fifi i [1] 1) 725 1k

Fig.8 H,O concentration versus times

S0 000 %) 9 A
A 100 mmx60.7 mm , AR 5 23 =

0 B A i A

n'1=pVS=—Rp?MUS (9)

AR EMHE B 8.314 J(mol -K) ;M NIRA S
PR R ST REER y 26.87 g/mol s T il ;U sz ik B
S M AN, AR IE T BT i 1500.49 gls,
B S b B A I A 1583.28 gfs i 2% M 5.23%.,

MRAE LR E AR, MAAR A T=
899 K I} i) Doppler £k %

AVp=Vo\/ 8"{;(':22 =7.162 3x1074 / % (10)

45 Avp= 3.639x102em, AR HfE ik L 40 A 45 S
F ) Voigt £k 58, 7] LAE K Doppler £k % #11 Lorentz
SN iUp 7= s I

Av,=0.534 6Avc+\/(0.216 6AV. +AV’) (11)
53] Lorentz 28 % Ave= 0.02352cm™, FIH 20 & x=
P.oo/Pair=0.207 , {1 Lorentz £ i 118 /A=

Av =P z X2

HD=ATo) [ 3 (12)

THEAARR IR 0.622atm, # K 1% Bgs

25 R0 10.5%, 53 B 5L PR T g A% R g T ik 45
SN BETH R 7, R A TDLAS J7 2 I &k 1 A Ot
7 AR R R, H g R s ) o A
AT B B AL IRAFAE 22 57

5 & it

BT TDLASE AR B H# T —EBHAERIME S
B R GE, SCP T 500 Hz 748 990K R X ok i IR
& HO 21 43V B | T3 R O o A DR o U
TR GRS - J3 B 4 4 i O =X a0 AR A
il , AR ARSI IR S DR A S | FE i T I A
JE A5 3 R K 1205 m/s, T K 899 K, H,0 4H
Sy EER 20.7%, JitHE i R 1500.49 gfs i i 5 E
NS 5 J 58 R Ia 1 BE T 25 R L,
R BRI 2 A3k B R IR A 0 O 22 43 B
0.9%,0.2%,5.07%7#1 5.83% ., i i BF & 1) TDLAS i
YZ S50 & Z80, LT XSRS EAER il Pk
W, 3203 7 ot T & sh WL 512 W FniE 52 08 4%
M FEAEEE L,

S

[1] Philippe L C, Hanson R K. Laser diode wavelength -
modulation spectroscopy for simultaneous measurement of
temperature, pressure, and velocity in shock -heated oxygen
flows[J]. Applied Optics, 1993, 32: 6090-6103.

[2] Allen M G. Diode laser absorption sensors for gas-dynamic
and combustion flows[J]. Measured Science and Technology,
1998, 9: 545-562.

[3] Lyle K H, Jeffries J B, Hanson R K. Diode-laser sensor for
air-mass flux 1: Design and wind-tunnel validation[J]. AIAA
Journal, 2007, 45: 2204-2212.

[4] Lyle K H, Jeffries J B, Hanson R K. Diode-laser sensor for
air-mass flux 2: nonuniform flow modeling and aeroengine
tests[J]. AIAA Journal, 2007, 45: 2213-2223.

[5] Chang L S, Jeffries J B, Hanson R K. Mass flux sensing via
tunable diode laser absorption of water vapor [J]. AIAA
Journal, 2010, 48: 2687-2693.

[6] Chang L S, Strand C L, Jeffries J B, et al. Supersonic
mass -flux measurements via tunable diode laser absorption
and nonuniform flow modeling[J]. AIAA Journal, 2011, 49:
2783-2791.

[7]1 Li H, Farooq A, Jeffries J B, et al. Near-infrared diode laser

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

% 11 #

FARFF R TR BOR 3 H AR 0) A8 ik 2R AR &

3515

(8]

(9]

[10]

[11]

absorption sensor for rapid measurements of temperature [J].
Applied Physics B, 2007, 89: 407-416.

Rieker G B, Jeffriess J B, Hanson R K. Calibration-free
wavelength modulation spectroscopy for measurements of gas
temperature and concentration

Applied Optics, 2009, 48: 5546-5560.

in harsh environments [J].

Li Fei, Yu Xilong, Gu Hongbin, et al. Measurement of flow
parameters in a scran jet combustor based on near -infrared
absorption [J]. Chinese Journal of Theoretical and Applied
Mechanics, 2011, 43(6): 1061-1067. (in Chinese)

R, RV, BHOR, BRI E RS2 ]
Fi22 4, 2011, 43(6): 1061-1067.

Zhang Liang, Liu Jianguo, Kan Ruifeng, et al. On the
methodology of measuring high-speed flows using tunable
diode laser absorption spectroscopy [J]. Acta Physica Sinica,
2012, 61(3): 226-232. (in Chinese)

Kz, XV, BRI, S5, BT RT IR R S A0 RO
TR AR A e I T T IR B (0], A EAA AR, 2012,
61(3): 226-232.

Gamache R R, Kennedy S, Hawkins R, et al. Total internal

[12]

[13]

[14]

[15]

[16]

partition sums for molecules in the terrestrial atmosphere[J].
Journal of Molecular Structure, 2000, 517-518: 407-425.
Zhou X, Liu X, Jeffries J B, et al. Development of a sensor
for temperature and water vapor concentration in combustion
gases using a single tunable diode laser[J]. Measure Science
and Technology, 2003, 14: 1459-1468.

Liu X, Jeffries J B, Hanson R K, et al. Development of a
tunable diode laser sensor for measurements of gas turbine
exhaust temperature [J]. Applied Physisc B, 2006, 82: 469 -
478.

Rothman L S, Gordon | E, Barbe A, et al. The HITRAN
2008 molecular spectroscopic database [J]. Journal of
Quantitative Spectroscopy & Radiative Transfer, 2009, 110:
533-572.

Wang D K, Hong Y J, Li J. Interaction of laser energy with
bow shock in mach 5 flow [J]. Applied Mechanics and
Materials, 2013, 313-314: 596-599.

Olivero J J, Longbothum R L. Empirical fits to the Voigt
a brief review

line width: [J]. Journal of Quantitative

Spectroscopy & Radiative Transfer, 1977, 17: 233-236.

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

