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Abstract Geometric morphology and soot characteristics are fundamental properties of hydrocarbon

fuel diffusion flames. Investigating laminar diffusion flame behavior under microgravity conditions pro-

* i E R ARUR TR SS [N FH R S0 H 9 B
2025-09-23 W H| 545, 2025-11-14 W EME E

©The Author(s) 2026. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses/by/4.0/)


32142.14.cjss.2025-0166
32142.14.cjss.2025-0166
https://doi.org/10.11728/cjss2026.01.2025-0166
https://doi.org/10.11728/cjss2026.01.2025-0166
https://doi.org/10.11728/cjss2026.01.2025-0166

122

Chin. J. Space Sci. = RFFFHR
vides a crucial approach for elucidating the physical and chemical mechanisms of diffusion combustion
and for establishing turbulent diffusion combustion models. On-orbit microgravity experiments were con-
ducted on coaxial co-flow methane laminar jet diffusion flames using the combustion science experiment
cabinet aboard the Chinese Space Station. The study focused on analyzing the influence of co-flowing
gases on morphological characteristics and soot properties of microgravity flames. Experiments were con-
ducted under ambient temperature and pressure conditions. The co-flowing gases comprised nitrogen-
oxygen mixtures with varying oxygen concentrations and air diluted with different ratios of Ny and Ar.
The ratio of entrainment velocity to jet velocity was maintained below 0.5, with methane flow rates gen-
erating both far-field and near-field jet flames. Results indicate that a simplified model based on jet flow
field similarity theory can effectively predict the shape of microgravity flames in the far-field region of
the jet. Co-flow composition affects the flame shape by altering the combustion stoichiometry. Near-field
flame length is independent of the co-flowing velocity but inversely proportional to the stoichiometric
mixture fraction Z;, while the maximum flame diameter is proportional to the square root of the inverse
of Zy. When diluting the co-flowing air with an inert gas, the region dominated by soot formation in the
jet diffusion flame decreases, while the region dominated by soot oxidation increases. As dilution increas-
es, the soot content within the flame decreases. The effects of dilution and thermal effects on soot forma-
tion are characterized by the volume fraction of the inert gas and the flame temperature, respectively.
Diffusion flames in microgravity provide an ideal research subject for understanding fundamental com-

bustion processes and mechanisms. The findings of this study offer foundational data for elucidating ba-

2026, 46(1)

sic combustion phenomena and advancing combustion theory, holding significant importance.

Key words
China Space Station (CSS)

0 515F

S R S PR R TR R NN [ IR = (U
5 RTINS E XN A TR 5 PR BE A 7, 10
WL R Z Bk Ge )T N2 —, AR REIR S et 3h
Ty AU TR ). SRR BB b AL K 2 Ak
T FORAS, SR A ARG Y S 2 A H AT SRR HAR
ST SRR I ok T MELA T g TRIE, R TR R
8 U 7 BIRR R P i SRR /N IO A S R T
=Sk O Ve Vi S TSNS N =3 ke s O € i
FUSTAR i Y OB (9 2R . (ARAT 2 Y
B M T ARG I Bl A5 0F, TR O BB T, I
TR 2 AR A 2, X AR SR 5 7 Bt ok
ELRIRAE, AMUAEAR KRR RE L BRI T X #Ae i e A T
ABEFE, W S0 4 R 5 P PR PR ES (P2 1A
PR AAED R 2E. MREE SRR, 11
PEIHR, WraRAs AR IR B 5 i R O =Z 8] ] B
FEORHR, AR St T BIAE A SE R A 55T

P I AR (L) JZ2 i B A I 5E 32 2R
JHAO R (B ) S SO AT, BB SR 0 ik

Laminar diffusion flame, Jet, Co-flow, Methane, Microgravity,

R NS T B A LA PR AL T A (SR, S i s
SIS AR | SRS RV R, LSRR L
o3 MEEFEREE IR Ty, RIR Ao IO K i i A A T
ARG, PR A KIS | KIEEH | B
MRS BRATRRE | KR RE E UK R S5 B bE
A% L [l

T 0 )2 0 S I A K T 2 0 0 A S A
Spalding” fii fb M WA SEAE F, HE BB N kM
SRR LRSS, AR (BN | RUR L
RHIE) N H B RS AR B A 2 RO D Bl AN ]
N5 R TRLIE ST AL A B R (228 Wt B X 4
FORZ R ), [ I 2200 4 G AP A R A R 6 T
Lin %7 JE—25 % Bt 1 5038 2 HOMBRAN 406 KO I
ARIYSZIR, G55 590805 S /Hr, HESA5 2R P Y
K (ATIL) KIEFERIE IS, T AT LK R
TN, FLRRE N4 SR 5 5L g 4 w4 BAr T,
N SRR B AN FRRE L SHAL TR L SR
. B/ PR IELE L R PRI T T 4

PRCEE ) SR B R B i AR S
BT KA AE B3 2257, LR MBUERLU A SRR



AR CE BE N TR RS RO 69 Y S e sOR 4 fE

WO g PR R B AT SN, BRI
BRI TS I T R e B2 T 8, A T A2 48
R, BB A B X SRA B 2 B SRR L R
T B 5 52, Dotson 261 (yBFSE 4 %0, )2
TSP BN T A B R T BE (O B I TR, L
AR ES d "Mu ™ RIE L (P d i H Az,
Uoo IR HLEE). BLAL, BR8N PR B N,
S BRI 3 W R A A B
PR AR AL L JIGTEAS, 72 5
FR I AR 3 T B B T g S e O T R B
Kalvakala 25" i 32 $OUE AT I T % 0 F 5 4
23 I . TR R o i)™ K KRR A B
(SN, S5 SR WG PR 2 S AR B R TS, B
KA T BB B R R

AT 9 2 A2 AT T2 43 X R
KT BB AR (RS0, 5T o 525 () ke
SESTIAR 1N R AT B RV R T T R T
SR BT R AE SR 9286 200 o5 5 AUk
BEAIAR 255, Ny Al Ar BB 25 56 SRR I A
PR S 5 PR LU/ T 0.5, F B It b 7 ot
5 5305 K G TG I ], S LSS B 7 T o B
TFHEAT. BFIE R GEAMHT T AL A 5 R 0
I KHEAEE S | 05 X 0 AR S B, R
5T VSRR RE L ST IR

1 T

Tl 7 7 S U0 A v [ 4 () o A KA AR e Rl 2 51
M th EAT, STk [16-19] © XHZ MR R 2 S2 I AR 19
RES AT T PR A . I ARIE N 2 e b X
FXZ S RGN EA . RBE S AE T B AL
REWBATRG. HUMMET R 5. SCRAfifE %
PR WI T R G050 A . SEI AR e T AR
70 L AR N, FH T FE R R, SCaa ke, AR
et R ORI | R | SRR B S S R T
FHXTA MR B TR . AR SRR RS
TS AR B B AR BSR4 S ik,
AR S B R A BE RS LR MBI T RS
& 2RO A, RERE XTI be I R UE 255 ]
TRAETRIN. A SCHERN S50 R R B2 B T R G h %
8 CCD AHHLXT AT UL K kG oE 47 WL I0 , JF oy B8 R
1296 x1024 pixel, RAENHE A 16 Hz; [F] B HI3E 58

123

FIHL (ICCD, Bl f&A 425~433 nm A7) R
WORAS A WA CHY R S ROGIEME, Z AL HER
1280x 1024 pixel, KFEHHHR N 16 Hz.

I FE )b A 0 S R 25 T Je HE ot 2 U 9 HOAA
PRI, BRBERE DR BHE AR R 2.6 mm, KR
61, AFRIR SR DAL R Bh 7E 0 & . AR AS
AR 26 mm, b 720 B g 5 25 LIR854 U0
HUO BRSSPI A L O SR o, RS =
A 1 mm. SEEG AT AR H e, B AR S
By B ORI S ORI A, ARUIRAS R AR
7 0.12 L-min ' 8 0.05 L-min ', FEXF R 5% 055
Wit Re (Re = wed Jv, Forp we ST H O EE, d Ry
SHRBE I NAR, o B BERARIZ S E) h 57.6 5K
24.0, Z3 9 X S 3 A 3 v i T B A T
SR, BRLYR SEG S R AR B U R R ANAR, WA
PEGR S IETE 43 1 21% RS 79% B
253 (Ar). BB IS (Ar) AR (Ny) IR
Rz S 2, BB AUARL S, eAh, s
VRV AR 0.12 Lomin " A 58 5 19 0 48000 2 0T I8
RT3, W e EHR BRI EE T 19 R
HEATIRI. SCBG v SeAE s SR SR R e SO, T
L 12 s AR T][R] R XT A0 A R E A TR AR . SIEO0 ISR B
N, FERA AR IR, KIGSETTY) 5 s A2k
B, B a8 BB IR RS, PR AR S 56 1T 3R A5 4%
T ARRE (14 KA MR . Pl B 5 i B 1 EUAE
/NT 0.5, FBEEHA AR 0.12 Lomin ' I, £ 8UE
BEN 7.5 cmes ' HUBE SR M 0.05 Lomin ' B,
PR A IR 3.75 cmes T 5 2.0 emes |, PARFSY
PF 7 THRE T KO B S R . R T SR P R
BHS R AR IR 1.

FRR SEIHT, MERBEE N A 100 kPa 9% /Al
RER (AAMBIEE 21%), FREEIEE N 300 K. 5L
LU s N /9 Y S RITAT o Rt )1 G2 il = Oy o
B IR AR BB A . ) R B i i T, (E
JEH PR E R BR, TSR EA T 7 kPa,
T Th e R AT 2 K, HAR T A AEAE ] ki ab
FRGE M SRLL I EE.

2 LRSI

2.1 I ANIER S E SR T
Bl 1 AR R SR 0.12 Lomin ' G



124

WY BB R UGS, B 1AL, A S 4
TR, G RE A, ™A 0 S R R R A 3 5
AT UG R SRR R R IR T, K
Yase BE TR, WA SR BERE IR LA B it Ar 50 N, 44

TN (Xar, Xy ) BIBEIN, JOHESE BE G 0855, RIS
KIGRE (AT 5 5 s 11 2 8] Y ) KA

F1
Table 1

Chin. J. Space Sci. =AFFFIR 2026, 46(1)

HARII . AL Ar Bk, BRI P Ny Xk K IE
YR 2, TEARTR] Xy, B X, 2500 R, Ny Fl
X I PR e R BE AT K LA BE K.

M G2 B A R R A, AE SRR S 5
WG AGELR L, Lin A1 Faeth™ 152 T 97 1
[ PR 2 SR BU IR R R, A1

WEH X P RS RANEFREFRIRE

Settings of methane jet and coflow conditions in microgravity experiments

Eﬁ}:ﬁuﬁ /(L min l) 1¥/ﬁ@r§ u'co/(cm'sil) ﬁ:(JIL MSzE%
0.12 7.5 Oy/Ny: ORI (Xo, ) 25%, 23%, 21% (Air)
Air/Ny: NofKBUMI (Xx, ) 0.01~0.12
Air/Ar: ArfRFUML (Xar) 0.01~0.12
0.05 3.75 Air/Ny: Ny ()q2 ) 0.05~0.25
Air/Ar: ArfRFUSML (Xar) 0.05~0.20
0.05 2.0 Air/Ar: ArfARML (Xar) 0.02~0.34

XO,»: 25%
Zt=0.0645

4\'(): = 230,"’6
Z=0.0598

U

Xn,= 1% XN, = 5%
Zg=0.0545 Z¢=0.0525

/t= 0515

A1
Fig. 1

4\'(): =21%
Zs=0.0550

10 mm
—

Xn,= 10%

Zs=0.0500 Zst 0.0495

3% Xar=10%
7 0.0494

Zs=10.0481

AL AR P R BEE IR AR T IR (= 0.12 Lomin )

Visible images of methane jet diffusion flames with co-flowing gases in

different compositions (¢)” = 0.12 L-min ')



AR CE BE N TR RS RO 69 Y S e sOR 4 fE

(Lf — L()) o CfR@SC

d - 167, (1)
(U ugo In(¢)
== —Cum’o 7 (2)
=K,
x — L
(=7 3)

o, L Flw 535 KR BERISERE ;. Lo S SR e 10
J R PR A ER RS d WG AR, O N IBIE REL,
Cy = 1 F/RICHAMN KM, Re REHAH H Reynolds %%
Se 4 Sehmids 3 Z B L2 SRR AW o A
Ueo 0 539 AR ST T8 1Y I S8 R 0 28 S SRT  1
R o Al A AR, RIS (1) F0(2) X HE%R R
AT, I 55 S g S B AT L, 25 R An1E 2 B
7 (AR BRIE s A T F s, e ALy S35 AR
[TV S e S TG e N = i K B <3 ST L7
REAY AT LR IO SRt 37 vh 1) ST RAFAE, 7E v/
d > 6.9 PR, SR 5L RILFVIE, e
SEVT I O X, R T R AL, P4

A Qi 26 2R VT 8 . X R B, T A 3L AT DL 2 )23 3
SRy HBOK KA ) EELR-SHLE, AR SO 2 o

X0,=25% Xo,=21%
35 —— —— ——

XN,= 5%

125

AR IE S K AGTEAR B S M K, PR 53X K I T
R R IR S R AW 8L Z AR 1E b
2.2 IEIHNIERSFIE

FESHR H D RHE RO X (y < 7d), Bl
Sy LA [ T2 X 38T i A i 2h X 8,
FZHEATE, Wittt (2) e k00
RS IR @ o S B e 5 NI N I 1 @A &1
SERAL TR SR EEE N, BRTERHZ TH0T KGR
ARSI R . AR SCSE 50 i H e Ui o
4 0.05 Lemin ', XS5 BIE AT, BTA R
ST G R BN 19 mm, B KIE5E kb T
Yy sh X5 ez~ KA I & 2R, JfH
Bl PR Ar 5% Ny RT3, S & it ik —
A NEE e e M I D € ET ORI AR =2y % =2
T, HE LA F AT U6 S HERR O KA TR AR, itk
X HOE S A B 3E CH* RS BUEXT KB IE S
FEOEHEATON &, CH* SR 58R B SRR R B A R
B R R R G B, A AR S BRI KRG B N T A A
PO 3 T MR IO CHY SR STER B I
KR EAE Dppax B L, B8R, B G8 HKIAR
KESRERERER, 559G KRKR B R:

XN, = 12% Xar=5% Xar=12%

y/mm

—T —T L —

-5 1 1 1 1 1 1
0 5 10 0 5 10 0 5 10 0 5 10 0 5 10 0 5 10
7/ mm 7/ mm 7/ mm 7/ mm 7/ mm 7/ mm
B2 JOEE R BINAEEE R (" = 0.12 Lmin ')

Fig. 2

Measured and predicted luminous flame shapes for methane laminar-jet diffusion

flames burning in co-flowing gases (¢)” = 0.12 L-min ')



Chin. J. Space Sci. =AFFFIR 2026, 46(1)

K3 AR IOk CHHRETIEE (Ar AR ECN 0.1)

126
Fig. 3
20 T T T T T
e Diluted with Ar, u,, =2.0 cm-s’!
» Diluted with Ar, u,, =3.75cm's' o ©
18 A Diluted with N, , u,, =3.75 ems™' )
L ]
A
£ 16 x'. A E
g aQEEA AL
3 -A
14} 1 -
[ ]
n
12F 1
10 L

1 1 1 1 1 1
0 0.05 0.10 0.15 0.20 0.25 0.30 035 0.40

Volume fraction of Ar and N, in the coflow gases

K4 KGR ERERRELIAML (0 = 0.05 L-min )
Fig. 4 Variation of flame length with dilution

ratio ()" = 0.05 L-min ')

TETE AT L.

4 25 KGR BRI RE B Ar 30 N (R FR - 8K
AL, SRR, PR Ar 30N, BORBU B R
I, SR BRI, AREAT RO, Ar AN, FiBax)
JAGK R RPCR AT ok, 52U (1) Xz ek
A T T R — 250, FEASBIFSE 0 4 88 L /S it e
FMFR, I KA S A R T B A DG

P sl BB e S AL Se A IR G
W53 Zg S KGR, B Sc BB, JOIE RS
W/, T Zg W00 (BDREGR e Ar 50N, (48R o i
K B JCHAR ) 3G R . 5] 5 Ao KGR
J¥ L/ d W8 Sc/ Zy BRI R . AN PSRBT
8 2 3 KA AR G — i) AL LA, L/ d B Se/ Zy &
PERE K, H Ly/d o« 0.37Sc/Zy. ARICELB KT
Se BT A, KU KB = h ik befb it
WRRIIGE, BY Ze MUK R. X T YTy
SRR B, (1) hER AR E S

Typical flame CH* radiation image (the volume fraction of Ar is 0.1)

8.0 T T
e Diluted with Ar, u,, =2.0 cm-s’!
7.5 I Diluted with Ar, u,, =3.75 cm's™? o .
A Diluted with N, , u,, =3.75 cm's;,
7.0 F ° 4
6.5 -
= 6.0t g
) Ly/d~0.37Sc/Z,,
55 F 1
50 F . 1
45 | -
4'0 1 1 1
5 10 15 20 25
Sc/ Zy

K5 JCRWKIEKE L/ d b Sc/ Zy 721k
(¢"=0.05 L-min ")
Fig. 5 Variation of non-dimensional luminous flame

lengths with Sc/Zy (" = 0.05 L~min71)

B Cr = 0.5, [Al— S iR Re T, X (1) B0 Le/d
o 0.755¢/ Zy, TG KIS I A5 FAH G, i 3s
T ) KA BEXS Z 1S AT S SRR

6 b kIR R AR B PRI T Ar 5 Ny (RBU
AR LR Ar 50 Ny (KRB B0 K, Dy oy Bl
ZHER MFEABU BT, Ar il No Xt Dy o 19521
JLTAHIAL 5 IR R S m LRI TR, O 58 32
B AR, XT3 ko, R (2) T L
B, KIATERE S (ug/uo) ' WLAE L, T T3E 3
K, SRR RE /Pl R B LA AR M R AR R, B
AT 2GS B RO A A
Mg 11 RST Akt L R i B e, 5 R AR R
T B YERRR) Re 1 Sc Jooe. 2% (2), ¥
BB R KA EAR D/ d 5 (1) Z)"> F (g 1)
AHOCIR, 25 FE A it B A T as s ), 28R/ 3R k4ol
BABF) Dy e/ d =1.15(ut/ 10) "/ Zg*-1.69, 14



kORCE ME N FIRERITAY KM 0 A e sk 4 A 127

F 5B R4, SR ANE 7 PR, PRI EE LK Ar RN B B BB B0 S 1 )
2.3 NiERRERHE SR ARTE. XF LR 8 S 1 g KGRI,

Kl 8 M HE ST 0.12 Lomin ' BT AMERIE KA BB AREE T T IR TIOE, Gl O R BRI
1%, ST TR SR LG 25 5L Adr /N I Air/Ar, S EE OB MIBA RIS, X —IGAREL T I pxt

25 T T T T ' '
e Diluted with Ar, #,, =2.0 cm's™!
7 = Diluted with Ar, u,, =3.75 cm's™! 1
20 | 4 4 Diluted with N, , u,, =3.75 cm-s!
o°°
[ ]
é B o ol 1 s oor T
A %
~ o & nadkeddt H
4 Q
S0t .
5F 4
e Diluted with Ar, u,, =2.0 cm-s’!
51 = Diluted with Ar, u,, =3.75 cm's™' 1 Z Do/ d=1.15(us/ 1)/ Zo'* ~1.69
4 Diluted with N, , u,, =3.75 cm-s”! R*=0.965
4 1 1
O 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 3 6 " . j 8
Volume fraction of diluented gases (/o)1 Z
K6 KIARKERREMER T Ar 50 Ny RS0 B 7 TR K IR Dy d i
< . .1 .
22K (¢ = 0.05 Lmin ) (us/ teo) " Z > TOZEAL (0 = 0.05 Lomin )
Fig. 6  Variation of the maximum flame diameter Fig. 7 Variation of non-dimensional flame
with the volume fraction of Ar or Ny in width Dt pae/d with (ug/ueo)"”/ Zy'"*
the co-flow (¢” = 0.05 L-min 1) (©"=0.05 L-min ')

Zg=0.0495

A

Xar= 0% Xar=1% CAr % (ar= 8% Xar=10% Xar=12%
Zs=0.0550 Zg=0.0543 st=0.0515 Zg=0.0494 Zg=0.0481 Zg=0.0467

A A A A

K8 E SRR FERRELL T A KGR

Fig. 8 Luminous methane laminar jet diffusion flames with different dilution ratios in normal gravity environment



128

1% Ny 1% Ar 5% Ny 5% Ar

Y/ mm

-5 0 5 -5 0 5

X/ mm X/ mm X/ mm

Chin. J. Space Sci. =AFFFIR 2026, 46(1)

8% Ny 8% Ar 10% N 10% Ar 12% Ny 12% Ar

o
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

X/ mm X/ mm X/ mm

K9 RREFEG (0, Ar Fikeas L. No RS ) 200 R ICE 1 JHEBARAR S &4 f, 9701

Fig. 9

Distribution of relative carbon soot content f, in microgravity flames under
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