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Abstract: This paper introduces a technical solution for packed bed oxygen carrier aided combustion. From a
packed bed experimental perspective, it is demonstrated that packed bed oxygen carrier aided combustion exhibits
better combustion characteristics and lower NO, emissions compared to fluidized bed oxygen carrier-aided combus-
tion and porous media combustion. At 700 ‘C and an equivalence ratio of 1.05, a methane conversion rate of
98.14% is achieved with NO, emissions consistently below 10 x 10™. From the one-dimentional dynamic simula-
tion perspective, it is shown that fixed-bed oxygen carrier-aided combustion offers better stability in the combus-
tion of lean gases compared to porous media combustion, capable of achieving stable combustion over a wide
range of air-to-fuel ratios for CH, premixed gases below 5%vol. Both experiment and simulation results demon-
strate that packed bed oxygen carrier aided combustion enables more efficient, cleaner, and stable combustion of

low-quality gases.
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Fig.1 Schematic diagram of vertical furnace reactor

Sz AU RN AR SRR R S A AR
e SR GE LA R 2R 2 Ak FHAG I o4 5 2H k. e i i
TR r AN, R BN 3161 AEEH, H
BN NAES 0.055 m, KEED 2.5 m, g 5 2 4L
AR, FERE S A EGHR 0.3 m AMEFE OC, [H15E IR
IO g B A B ], e KRR RS
W) 7S AR AR S 7 DX S VL . JRURL AR T
BCRGE, Fi MEE AU 5 DS A5 S B8] 5 R
SR as Z Ffr. O T sl S TR A ) SR AR BT 3 T
(R 1E] K B, A S 171 AT BE K A T PR R
e A AU, Zad i URAR A BERS BR 2 18] 1A 2% o
K 76 2 8 ATE LM BT (MRU NOVA
PLUS fHEH#AHTI Y, 785 MRU A #]; Gasboard
Gas Analyzer 3100, I POy YR AT R FD A,
HATHOTINE , HAL R P IR AT

SEEG A AR AT < ST R R RO E
— 618 —

FeAEE A P R . X T RARTEEITE 0.8 ~
2mm ¥ OC T, s HIEAREE RN 15em 5
20 cm, XFRY OC HFEFEA 450g 5 600g. [H])2
g A, RS R EL 10 C/min AR
MR R RZ IR T 2 BARERE, 4ERF 30 min, B
OC ZE44b T E ARSI 5200, fECm, FEiil
SHER RSN 6 Lmin, FEILAAME TN, IREHRLE
0.8 ~2mm I, PRIZFFAE T [ AR s IREDRLAES
150 ~ 200 um B}, IRJZHAE FIALRRAS, DAIEXT Ee
AR JZARZETT SO i R FAR BT RA SR A e Ak 33135
R B SCHE TR AR R SEBR AR S e IR
BT IR T AR R Z o S R . AR
FH G W B2 HRJGE 4 Sl R R B, B HOBE O A
0.3 L/min, 75 25 L0 ITEAN R 19 2 BA LT i
ATSEE, -l a4 e B A TR SR CHy 1k
R ECHN 5% .

JN it R RN AL Xows R (1D 1153
| Fu - gvco )t
[ E - gven,
s 10 Tt 3 MRERARE B SN T 46 FNES A B
8], 7ESL g T RR e IRV HFZEZ /D 15 ming Fi 23 FS
PRI SL 3 Fou 20 HAURR TR, L N, Pt
SRR yeo, Al yey, 0 MLER CO, F1 CHY HUMRRSY
B BTN 2P T 3 IRER 50K,
1.2 \HFZE

AT ML EEXT PBR HH) OCAC 1 FEiE T
5%, i Aspen Custom Modeler (ACM) V. T —
AL B %A CLCPORI PMC 3l SRR 2
Bk, AR FEE GO RRE 1 PoR. 285,
IR 2 B O HERf

£ 1, CRHSHUKREE ; Uy WS ; Do A%
MG R A r IASE RN R p BB C, A
25 T WIREE ; D SIREREG AH I ONIEE s oot N
BRI REL Ogni N RUAPRIEINGL ; 4 WA
ham RIEEXTI AR L S, AT ; H, RN 2
KB p AR R ST G ¢ LB D,
KN AR AR dy R OC Kifs; Re ATRUEEL; Sc Wit
WG A NSRRI R 2, W S HAE 4
I Pe MAMTESEET; A HEAHSESCFIAEREG AR
BEAHANE SRR das HIRITEU ARG 0 R
Stefan-Boltzmann & ;m & OC K5%; Pr K&
SOE ki NAETTIE 5 E A& AGRE s n RS 10 ol
i BB nains ANYEREL B 0.85 Ro HEGAR;
Mo WARTHE; X i OC b3, o J Rk S i

CH, —

(1)



BROGESE [ R AR SR A R AR R GRS

MR FERA

[E]5 pm K OC MIEEIRBETE ; e i OC BISRLR ST 5 b 2

b2 Ny 2 5 L

F1 BEEKEH OCAC—4FNISRIMRBIEHI T2
Tab.1 Governing equations of one-dimensional dynamic model of OCAC in the packed bed
EAR AR
. ac,  a(u,c) ) S <
HorHE TR o __ o ' —
SFE TR at ax a ( ]"’5; Tog ki g)érgg,k‘t
SRR ST E A &,C 9T _ —a Up“C” £ i[ a—j+gi i = (T,-T)+0,
eTre gy p) t 9 & T,
Bl L P i T 8T d ,87'; S, K,
[ AH B B ST T (1-e)pC,, 5 g(l ax)+ham?(T—Tam)+0!m(7;—E)+(1—S)Ar;rgs,k,AHgs_k,‘
e Ay Py p 3T, 9 S
R R ax[Ug RT) ERT o gax(D ax(RTDHZ; ks s);;rgw
LB £=O.41+0.356xp(—0.39d—']
(073 0.5
PR Dy _[Re-Sc+ L 97€ ]Ugd"
Re-Sc
ISR A= d
U 4, =054,p,C, Pe
ﬂ:: Z’s +Z’rad
AR R R 1 _ R0demT;
fad 9(1—m)
N R R e =(2+1.1Pr'""Re")A, I d*
Vi Vgii = ki exp(=E/ RT)CL Co .,
= He i Maiee i PR dX _ Hoor M i PRo 3 (1-x)*"°
) ekl M, dr M,
AT S o
- bk exp(-E, /g(RT))C,”
100 -
2 EERHRBEHEESRS ol
2.1 BRSPS SRR T b ¥ sl
T % PBR Al FBR H) OCAC JABRRFEDEA T = 75
X E, 43 v PR AR S I E 0.8 ~ 2mm AT 150 ~ i -
200 pm [7KIER OC VERIAKL, A CHy RT3 4R 00 105 110 L5 120 125
Jg 5% , AR 6 Limin () CHyNy/Z S HURA., o) g
P a I =
1E 750 CHEAT AR TR AR R EL (o) THY OCAC 2000
SCu. MRAEIFE, iR, A 0.8 ~2mm 1600} )
JKIEEE OC HIR)Z R4 PBRRZS, HLFE 150 ~ 200 um S 1200}
KR OC MIKZEET FBR k. RFIKIZIRE F T — ek
. = 5k iiL N
1) OCAC JRRHE (L FHHEINIE 2 FF R s
H & 2(a) AIH1, PBR-OCAC H1#Y CH, H1bR 1k | e
25T FBR-OCAC HiY CHy 13, PBR-OCAC 1) O
CH, H AL SRERF I 2R T G 1E 98% L o mmk
L. T FBR-OCAC [ CH, AL i 2 MR LU IR TH (b) CO M
TiHRFF, FE2S IR IL N 1.00 B 67.27% | TE2S IR I B2 BEEKRSRULKP CHHELEFCOHM S =Bt
’ ) ' ’ EER

HE—RFE] 1.25 Z )5, iK% 94.58%. A 2(b) ]
1, PBR-OCAC 1y H CO WAL T FBR-

Fig.2 Relation of CH, conversion and CO concentration
with air-to-fuel ratio in the PBR and FBR
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Fig.3 Relation of NO, concentration with air-to-fuel
ratio in the PBR and FBR
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Fig.4 Relation of CH4 conversion with bed inventory
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Fig.5 Relation of CO concentration with bed inventory

HE—H, TR PBR R OC H g & X T
OCAC RSN , [ PRIZ L R 650 “CHY 43 5II7E
PRIZHFE OC 0 450 g/600 g (1N FiE4T OCAC
SEHG, BEEFRIZIE A R 43 A 15 em 5 20 em. PBR
TEARRI TG B T ) CHy B bR 5 H 1 O, We Rl
PR BRI AL R AN 6 PR,

100
98t
§
~ 096
&
jas)
o I
94 |
—— 600 g
450 g
2 1 1 1 1 1 1
1.00 1.05 1.10 1.15 120 1.25
R
(a) CH,¥%fb3%
2.0
= 15}
=
= 1.0}
o
0.5 —— 600¢g
450 ¢
ot A ! . . X
100 1.05 1.10 115 120 1.25

2SR L

(b) H1T 0, HEK
6 AR OCHEFEET CHELRMHO O, HEMEE
RREE (L
Fig.6 Relation of CH, conversion and excess O, concen-
tration with air-to-fuel ratio with different loaded
mass of OC
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