455% 455 2AHAE Vol55  No.5
2026 £ 5 A THERMAL POWER GENERATION May 2026

DOI:10.19666/j.rlfd.202508010

H A% Ak N E AR A Aa B E
.ok 45 R A2 A2 4

oA, ZEW 2 FAEN, KOE?, BAAEK? ®mkK?
(1. e h KFEHHITAEZE, 7T 42 071003;
2. A e Re AHMHE R ARASE, & T/ 510080;
3. dbd ) RFAARES AL ERRKETEERET, T 4= 071003)

K] E] [86]) BRI XEHE LRBRABIR B R EHBEA AR, [FE] AT
-4 8 B CFD 4E4, 44 3UR 63t Fluent 3H47 =k - &, M FUk R 2 AR,
[£R] A CO, RBLHZ 8% A, Baikn P oF, LMK LEIK, CO, 4l
FHK, AREK MANDBENLGIR, RRALAIR B MM, AN H R
HEHCO B G REHN»HARY; RAA 040mIm3E £ 0.17 m3miet, CO %%
B 89.19%% £ 77.29%, # 7T 13.34%, 0 CO, & R4k dh 1.45%F £ 3.00%. 2485
R FH K ERE 34 ATERS:; WEEETHHRT FHRIKKe B FRA D, #
HEd Ko R4 M, B R7F &% [AF1E A R RIK K R E L & B S, A% d,
AABEAND S L b 2R SERZIRR, AARRERSEESH, BXF9
ASFARZ B, LY ZmEIELRESH, BB BT BIAKAFRR LA, [
] AR X R R A ATOOR AR R MR RAF, AR 5 ERIT A LA L EA
EAER, AFRERT AmME RS RN

[x # 8] MERXLERHMAAIR; —aEHE; 20k Aahaeh; AT

[SIAAENR] KRR, Tk, H72F, ¥ s XaHE Lk AATKR R MR R TAZRM[]]. #74 KE, 2026,
55(5): 99-108.  ZHANG Shuo, LI Debo, FANG Lijun, et al. Simulation of mass transfer processes of ammonia-based carbon capture
in double-contact carbon capture gas-liquid two-phase absorption bed[J]. Thermal Power Generation, 2026, 55(5): 99-108.

Simulation of mass transfer processes of ammonia-based carbon capture in
double-contact carbon capture gas-liquid two-phase absorption bed

ZHANG Shuo?, LI Debo?, FANG Lijun?, CHEN Tuo?, ZHOU Jielian?, GAO Qingshui?

(1. Department of Power Engineering, North China Electric Power University, Baoding 071003, China;
2. China Southern Grid Power Technology Co., Ltd., Guangzhou 510080, China;
3. Hebei Key Laboratory of Low Carbon and High Efficiency Power Generation Technology, North China Electric Power University, Baoding 071003, China)

Abstract: [Objective] At present, the greenhouse effect is becoming increasingly severe, making it crucial to control
CO; emissions from fossil fuel combustion. Carbon dioxide capture technology represents both the primary step
and the critical pathway, serving as a vital means for reducing carbon emissions in the future. [Methods] Based on
a novel double-contact carbon capture gas-liquid two-phase absorption bed, and to investigate its enhanced mass
transfer performance for ammonia-based carbon capture, this study employs an Eulerian-Lagrangian CFD
framework. By integrating dual-film theory into a secondary development of Fluent, a mass transfer model for
ammonia-based carbon capture is constructed. [Results] The droplet load exhibits a unimodal distribution along the
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tower height, being low near the walls and high towards the center. As the liquid-to-gas ratio decreases, the net CO,
flux increases, leading to a higher droplet load. Significant flow deviation exists at the flue gas inlet, with its severity
diminishing as the liquid-to-gas ratio decreases. The uneven droplet distribution causes non-uniformity in CO>
absorption and concentration field distribution. When the liquid-to-gas ratio decreases from 0.40 m3/m3 to 0.17
m3/m3, the CO; capture efficiency drops from 89.19% to 77.29%, a reduction of 13.34%, while the outlet CO, molar
fraction rises from 1.45% to 3.00%. The overall gas-phase mass transfer coefficient (Kg) remains relatively high
below three-quarters of the bed height. A banded region of low K¢ forms beneath the nozzle manifold. In the region
above the nozzles, K¢ gradually decreases with increasing bed height due to insufficient mass transfer driving force
and the influence of mass transfer resistance from the gas film side. As the liquid-to-gas ratio decreases, the high
K zone contracts, and the banded low K zone exhibits a parabolic upward trajectory. Regarding the flow field,
two high-velocity zones and vortices form within the bed due to the inlet and Venturi effect. The average gas phase
velocity in the Z-direction exhibits a bimodal distribution along the bed height, a symmetrical three-segment
oscillation along the X-cross section, and a non-monotonic distribution along the Y-cross section. As the liquid-to-
gas ratio decreases, the disturbance between the gas and liquid phases intensifies, causing the average gas phase
velocity along the Y=0 cross section and the X-cross section to gradually increase. [Conclusion] The double-contact
carbon capture gas-liquid two-phase absorption bed exhibits favourable mass transfer characteristics, with the
liquid-to-gas ratio exerting a significant regulatory effect on both flow and mass transfer. These findings provide a
theoretical basis for optimizing carbon capture equipment.
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Fig.1 Structural diagram of the gas-liquid two-phase
absorption bed with double-contact carbon capture
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Fig.3 Schematic diagram of principle of the two-film theory
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