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Abstract: In the combustion process of aero-engines, excited-state free radicals such as OH*, NO*, and NH*
emit faint self-chemiluminescence in the ultraviolet (UV) band, which changes rapidly with the progress of
combustion. UV image intensifiers, featuring up to a million-fold electronic gain and nanosecond-level shutter
speed, can capture the transient structure of the combustion flow field in the UV band, laying the foundation
for the quantitative measurement and interpretation of the variation rules of combustion characteristics with
multiple physical parameters. This paper summarizes the application of UV image intensifiers in optical
diagnostics of aero-engine combustion, including passive optical diagnostic techniques for imaging OH* self-
chemiluminescence, and active optical diagnostic techniques using laser excitation for OH imaging. Finally,
in line with the requirements of high spatial and temporal resolution detection for new types of aero-engines,
the development direction of UV image intensifiers in combustion diagnostics is pointed out.
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Fig.12 OH energy levels and transition processes, where the
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Litvinov % AB™2021 4FAf G458 4% LaVision
HS-IRO #4 4 LaVision HSS-8 CMOS FIHL KA1 iR
G RGN e KB R e % 1) OH-PLIF {55, K
15() T ke 2 s s B, B 5 H— X e
SNER I R, R S0/ P ERAE ARk, OH-PLIF
FI LI TE AR A 54 mm X 30mm. & 15(b) %} OH-PLIF
(1) AR 25 RAE A R AR AL AR AL 285 5L, mT LT H
55 e 7 170 [R) ) e % o [R) i & A5 T 9 A BT ) 2 3k
BimA%  (precessing vortex core, PVC) FlI XU HE e i
(double helical vortex, DHV ).

g EPTR, MHEC T s 712, OH-PLIF %
— RO R e s R e XS AT 4R, BRI
B #eA, AT AR R BRI RS A 451 (Rl 2
WEERD, BRH 2R EHURR L E L, kR
RTETEHPOLR AR OH, IIRTERENHLERE S
W 15 21 U8 A o X T OH-PLIF R Se 48 AME I 5%
wME, FAESEIHFOLER AT RPN &, Ktk
2 e kg B K R P i i R G

1114

150 m/s

L , A 75
K13 ARSI A SR EE U T OH () AT CF7)

f¥) PLIF GO R CROR S LEIE, 6 4 BIGE =d i 7y

24 10m/s. 30m/s\ 60m/s. 90m/s+ 120m/s &z 150 m/s!*]

Fig.13 Pseudo-color image comparison of PLIF imaging of OH

(left) and formaldehyde (right) at different gas feeding

speed in the inner jet, in which the six groups of images

are 10 m/s, 30 m/s, 60 m/s, 90 m/s, 120 m/s and 150 m/s

[49]
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Fig.15 The burner geometry of aero-engine(a), and phase averages of OH-PLIF at different phases (0°, 90°, 180° and 270°) [3']

3 HBARE AR EIHLRER IS B X R IME G 5R RS
HIFEK

H A B b R S AL ee 12 W A ek A58 A 1 32
ML K AFEIE Photek . v H
Photonis. f#[E ProxiVision. H 7 Hamamatsu Photonics
v, FERAME IR P i KM RE S ENER 1 TR

M1 LA

O H R H 5 (XA, T KA
A WA LA B AR 538 I3 58 A A2 r et
()77 2O SR AN B B BR 3E EROGIEAT R . A B
Z /2 S20 HH IR I ARG s 23 5253,

@AM B E L) B RGNS, nEek e
WL e REE AL, Rth, FEERIMEIG RIS R
105 £ 28 106 (738 &, bt v 1) Fh 3 2 s
PG 3 545 B0 MCP [ TE 3RS

@ T4 B B 5 1585 B R G BE R ke it
MR, R, FF 2R AME G R AE B A ns 24X
(1108, 454G Rl AHHLIEAT A R B 4h & @ A AL
AT R

AER, BRE RISV AR, ik
D1 FERN R AL, At 5 EE e AR )
REREES, HAP Mm% BE KL (rotating
detonation engine, RDE) /& J& e i, H% H [F] 4

WILEMIRREE, —mE A TR, &R
PRI E TIRRNENTT ), IR A S S e i 5 1%, &
LARFRTI) 5 AR BRI A V) — & HES i 3l B H
AHETT, SERUTR (s Bedk %D Hmmlis 50kHz,
Wik 1605517~ . RDE 383 i 5 384 73k 10 18 = o i
BRIGEREL, TE/AMARA L BRI A] N 7= A2 K Bh e, 2
IR AR, — UGERIR(E n] 77 AR I L R BRI
DR Ll B A SR R R B AL

WEFAR R RN TAE A 2%, B 5k =
G, JUHS TR 2 JOiE i as A Re == Sk i 45 4,
TRBNEE M SRR N 2%, T v, R,
PR IR IR I 2H 2 A T NPT o B O R R 1) S R
ik S0kHz, AHR ) EANCA 20 ps, 1 25 A% F
FENEEIE 1800 m/s. DRI, Jie% 5 iE R Sh AL &8 Yk
BIHL AR i 25 A iR oA R 12 T 4 tH K

OMNRGAEN S, TEMHZ G RIMEIG RS
AL Z GBI E RS SRR — AR R AN
(17 H ISR AN B ROk

QX T ERIMEIG R 5, YR EREE R R
AR AR 2 0] 3 I BR ], 3 — DR R A R
M58 5 1, FERSANHh 2 DRI . B,
R ENARIE IR T L IME IR 1 RS, BLeH
B SR A RO B, SR B AR AE 12208 B
BTHE,

1115



466 510 AP INE S N Vol.46 No.10
20244E10 H Infrared Technology Oct. 2024

# 1
Table 1

] B 37 e 1 B R A MB A B ) 3 B R AR 5253

Key performance of mainstream high-performance UV image intensification globally!52-53]

Intensifier parameters

Image intensifier or ICCD/ICMOS

MCP Spectral range/nm  Gain  Size/mm  Minimum optical gate width /ns
EyeiTS-D 2-stage MCP 200-900 >106 18 3
HiCAMS5000 3n 2-stage MCP 200-900 - 18 3
Photek ICMOS 160 muti-MCP 200-900 2x10° 18/25 3
Andor iStar sCMOS - 180-850 1000 18 2
Invisible vision UVi - 200-600 3x10° 18/25 5
Specialised-imaging SIL3 - 200-900 5x10° 25/40 50
Lavision HS-IRO 2-stage MCP 190-800 - 25 10
Princeton PI-MAX 4 - 140-900 - 18/25 2
[3] Gutman David. Shock-tube study of the recombination rate of hydrogen

Ignition device Cooling system
Propellant injection )

D A

Nozzle

BU[TICd pr(][ll.l('ls
Injected fresh propellants

16 TEFEIRR R AL RDE LA 5 #H055)
Fig.16 Working principle of rotary detonation engine RDE!>
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