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Abstract: To develop a micro-combustion system for carbon-free fuels, a micro pure-hydrogen swirl
combustor was designed and tested. This combustor operates efficiently across a wide range of
equivalence ratios and input power levels and can seamlessly switch between gaseous hydrocarbon
fuels and pure hydrogen. The combustor features a non-premixed combustion mode and a low-flow-
resistance design, incorporating integrated swirl blades and a preheated annular flow channel. The swirl
number is 0.76, with flow resistance of less than 86 Pa. The aerodynamic characteristics of the micro-
swirl combustor were explored through numerical simulations. The results demonstrate that well-
distributed high-velocity zones and recirculation regions are formed at the combustor outlet. The central
recirculation zone exhibits an axisymmetric distribution, effectively entraining downstream hot flue
gases and thereby achieving stable swirl combustion. Experimental investigations were carried out to
study the effects of the equivalence ratio (0.3 — 0.6) and input power (495 — 990 W) on the temperature
distributions and pollutant emissions of pure-hydrogen combustion. The results show that the developed
micro-swirl combustor operates efficiently and stably within the tested equivalence ratio range. When
the input power is 990 W, the average temperatures measured at seven monitoring points at equivalence
ratios of 0.3, 0.4, 0.5, and 0.6 are 1 182, 1 277, 1 376, and 1 256 K, respectively. The highest flue gas
temperature is achieved at an equivalence ratio of 0.5, with a maximum measured temperature of 1 579 K.
The input power has a significant impact on the flue gas temperature, with higher heat release rates
resulting in increased temperatures. At an equivalence ratio of 0.5 and a heat release rate of 0.62
MW/m’, the NO emission concentration reaches 140.6 mg/m3. Reducing the equivalence ratio while
maintaining the same heat release rate significantly lowers NO emissions. For instance, at an
equivalence ratio of 0.3 and an input power of 990 W, the NO concentration drops to 60.3 mg/m3,
representing a 56.2% reduction while maintaining complete hydrogen combustion. The flame of pure
hydrogen appears transparent and is difficult to observe with the naked eye under illuminated
environments. In the absence of ambient light, it exhibits weak luminescence primarily caused by
combustion intermediates, manifesting as an orange-red color. Surrounding this orange-red region, a
faint bluish-purple hue can be observed. The height of pure hydrogen flame increases continuously with
increasing input power. When the input power reaches 495 W, the hydrogen flame becomes anchored at
the exit of the micro-swirl combustor. At an elevated input power of 990 W, the flame height exceeds
3 cm with stable combustion.

Keywords: Micro-swirl combustion; Pure hydrogen combustion; Equivalence ratio; Input power;

Pollutant emission concentration

H39EH s W

0 5 B

i IR W i R D2 3 R BB IR 2 2 g e R 1
RATRAPRAR . 5 AT [ AE VRS TE A R 1] L
TeAR R AT A R R 564 R ah
P B S AR HL RS R LA Al X H,, 2 — i)
e ¥ B VR s 1 B (AR L RS E i
PR B IE SN, H 75— Fh s i BE IR AR AR, #s
FEENTZ A, N, B % H, 592 0m M FHHoAR 8

TEJEBE . BRAL T A5 Ab, H ) A 7 52 3 4
Wik S0 BT 4 H, R 205, A58 ok e
W A L i E L
B AT % v P RE 1 2 SR B A H, 23 )
FAHEA (9 F B IEA, St el UL, ali R
FAAIL LA B T AR s 70 A b BRI i A
DR, HAH AR AL 8]k B AR FAE L NO,
WP L TR I LA R v A e A

YT & 2l AR B s it b Tl A B B, MG



S B U T be S S YT HE R ) S B 52 - 163 -

W SCER IR D o fEai SR BE s . KRR A
RS YL A 18 )5 T, SOLANA PEREZ 2!
5T AERBE T FN 30 kW, iz AL R L
0.7 ZMF T, T RASE RS N 4l S A IR A N
TR R, 5050 & B SO TR B AT 850~1 100 K
Z 0], SRR 2 SR A RR X 4l A JOHB TR 3
HATE B . XU 21 SR B AL
7% TR LA T 0~60% 114% B 51 (H,0) X 4l &k
14 NO A= A FIBIL, &2 3T H,O ] LAAT 8% k%
% TAHEE 1 101.325~2 533.125 kPa | 4l & kI
1) NO £ BiVR B . LEITE %51 SR 22 o i
F-BWF 9T T N BRAIL A 1 2 O B B Be R,
SO R IRAE X A2 2 1 L A BB AR X T
PUE KA T RRAIG, 1 — 25 0 8 & B0, 4l K0
IR H EER 1 448 R R RN B AIG  0 A AE fL R
DONG %" s e AL 22 Y i el 1 M4 E T, 3%
A TR 2l KO B R R AR K A Y
6 1%, 5% 2.1 m/s, DYBE 2" JF & 7 —Fi =
USE T R e 2, SC B4l SR 4l R AR Z [ A
Y, IF K8 AR T NO, AYHERCH B o X5
2t L) S oo PRG0S B AR RIS - O 5
PG ARME I T 4l S 5 T8 TR JHA I 4544 1
i T MR e o B, 45 SR R W A M PUR JHE 1 —
AT TR B SR F T~11 m/s, Ry K AT AR L
3.5~5.5 1Y 2 %, R E S IA R TR b ol B
TERB b . &8 5" R A FLUENT
BB T AR RAAF R e SRR Bk G
BRBERME, RO H, MR 5 A R B R M TR B
A S . AR A L T Al R -4 R
IR Graz G3, TEAH R A SECT, HAGHRECR
ATHETN 0.5%

4l SR AN RS E HIL B B 4 i F 5 O 1
LE %W JF kT —Fh 2 228 S BRI 2l SRR 2%,
TR T H e e Rtk | RBERR N NO, HE
WO . BRBHTPY S2ue 4 LW, Y AR
B A IR E] 55% W, KIE e tE I BT R Y
BA GRS 60% B, BRRE R AR KR, TF
ARG S5 R T R IR AR R Al K Sh LA R e
FIEIAAL sh bk, 45 SRR W 12 R BTk be
(A R T | RS Sl R R} B i U e 2 A E
ISR, 2S4Sl S S KR BOH [
il 5 AR S ) T Sl S R MR TS R
PEANFAE

25 LTk, B A Al SRR b g B 5T oAb

FRLHE, T KRN ERE. A, LR
R 25 FE ML B8 46 25 SOmSR AL B 25 A, B
TE R FHIR DI FE A B XML S Bl SR E . A5 4R
BT o — A B TR 1 A0 3 BEL TR Y e A e &, T
KB D #E S X HLIK Bh, SE3 T 100% B 4k
SURBE . BRI B KAL) AU, AR
9 1 SR W . AR SCERANIF ST T Ak2F 2 i
ke A Th 2R R 8 T B N5 Y ) v B 1% 52 i
Ry SRR Y AR 2% i 1] FH 2 A A7) S 50
B MR AR BT TR

1 XWAHE

1.1 RHBER RS

TR JE 5 A B B B B PR AR N 56 mm, 1R
4139 mm, RJH 6061T6 554 4 7E 54 in T+ Lok
BN T ARAT, HZE e R K b KA TE S an 14 1
FiR o TR TR A ek be s k. AR Z AL
W ZH 1 | B AR IS Sk AL, R bedR AN A 1
(b) Fr, FFFL S BT 5 e i 25 S B S i
¥, A3 SR AL 2L M H, B9 Ji il s 18 40 1(a)
[t B R WA B B NG (T oS (12 Wi (]
A BE L 25 S, B SR I 4R I A8 Y BIE FE <
Tio BEARH 6 R MR 23°, M 5 mm
(R R 2R, Rk beds 2R A —3 4y, 3T 8
TARAR, —RARCEY, DNITAf AR T HEw A R
TERATE . Hy Sl B A O HE A SRR, 8 6 4>
BAR A 2 mm APRRIBE 1 AR B, 5 HER
STAATIR A R DS . R HE AR e rs (14 7 18 1%
THR HEE AR 10 0 s BEL 1, 38 e J5 35 K BE
DX, DT AT SR FH A 2R AR T 38 e XU K sl 9k e i
TAE. AR HE R Bt 8 TR R A
P 27 3, IARAS E B T H, 18]k sl IR 1]
A, mE (o) mT A, TERRF R GERT, K38 5), &2
B IR €, X R MRS AR 12 KA SV I R AT o
FE SRR, BB Hy, 1T SCERAl SRR .
1.2 XWHZE

2 e A AUR B, Hy AR L,
4R 99.99%, H Alicat 5 i frt 44 il 5 4 1l i
i, WS E R 0.6%, Akess <ol s Rl =
SAHEHE ., BRABRIEEEE S M Alicat 5 5 i i il
e, AR AR NO, ¥R 2 38 1 Testo 340 Hi{k
F MRS A, A R + 6.7 mg/m’(0~133.9
mg/m’) 5, + 5%(100~2 677 mg/m’) ., Testo 340 H,
AR W AR R SR 2Rt B2l . K5 i



H39EH s W

(b) T e s S AR

- 164 - ag RO &R B
d,=56 mm
g
o
- e
d=32 mm
g
\‘f g v Vq
(P24 ARSI AL
U
ol
d,=40 mm
A
+/§4/:k

(a) BEIRHA e &% 5 T 5]

(c) WERHRLE S AR P It i A A 1

1 REERRIRSR R S R W N R

Fig. 1 Configuration of micro swirl combustor and its propane flame shape
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Table 1 Experimental conditions for the pure hydrogen

combustion in the micro swirl combustor
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Fig. 4 Tangential and axial velocity distributions at the

horizontal line of the outlet of micro swirl combustor
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Fig. 6 Effect of the input power on the temperature
distribution of pure hydrogen combustion in

micro swirl combustor
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the pollutant emissions of pure hydrogen combustion

in micro swirl combustor
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Fig. 8 Photographs of the pure hydrogen combustion flames in the dark environment
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