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A cleaner approach was proposed for removing €O and H,S from highly acid natural gas by supersonic
separation technology. For this purpose, different structures of Laval nozzles and supersonic swirling

devices were di d. The h al models of gas flow in the nozzle were established.
and the supersonic flow charactenistcs of CHa~H;S-C0; ternary mixture were accurately predicied by
adding the real gas state equation and the transport equation to descnbe the rotational and irrotational
flow field The effects of nozzle structure, swirl angle of static vanes and inlet parameters on the

e EXER

Handling editor: Cecilia Maria Villas Boas de

Almerda refngeration prriormante of the nozzle and the separation characteristics of the swirl device were

ti; d. The results show that the average temperature at the nozzle outlet can be as
Keywords low as 1352 K under the condition of inlet temperature 293.15 K. inlet pressure 4 MPa and 20 mol % aaid
Carbon diowde gas. Lindicates that the refrigeration effect produced by high speed expansion of acid natural gas in the

Hydrogen sulfide supersonic nozzle can provide a favorable liquelying for the acid comp . which
Natwral gas confirms the feasibility of acid components by supersonic separation device. Better relnges-
Supersanic ation performance can be achieved in the nozzle wath higher vutlet Mach number, but the pressure
Separauon

recovery capaaty of the device will be suppressed accordingly. As swirl angle increases from 73.90 to
B1.79", the maxamum tangential velocity in the nozzle rises from 119.6 m/s to 212.5 m/s, the separation
performance of the swiil device increases, while the pressure and temperature at the same location
decrease slightly. However., the increase of swirl intensity will restrict the flow capacity of the separator.
For the given supersonic swirling separation device, it shows a good adaptability in separation perfar-
mance when changing the inkel parameters.

Deacidification

© 2020 Elsevier Ltd. All nghts reserved.

1. Introduction combustion of sour gas will also cause adverse environmental
problems, as acid rain can senously affect human health and

damage natural environment (Ca d Bian. 2019). In addition, the

With the development of natural gas resources. the proportion

of conventional natural gas is getting lower and lower, and highly
acid natural gas has become an important part of the world's nat

ural gas resources gradually. About 13.46% ol the world's natural
£as or associated gas reserves contain more than 102 hydrogen
sulfide, and about 26.9% contain more than 10% carbon dioxide
(M mmad and Gacdelllal 2014). It 1s well known that carbon
dioxide has the gn‘atrﬂ impact on global warming by abound 64%
of the greenhouse effect among these greenhouse gases (CO;, CHy
N;0 and CFCs). Moreover, the combustion of fossil fuels accounts
Im appmxmulrly 94% of anthropogenic CO; emissions (Hussin and
behoer al, 2019). The SO; released from the

existence of acid gas in natural gas will also aggravate the corrosion
of pipelines and equipment in the process of exploitation, gath

€ning. transportation and treatment, and increase the nsk of pipe

line acaidents such as leakage, resulting in huge economic losses,
en\lrunmenl.ﬂ pollution, and even endanger lile safety (S0 ¢t o]

15). Therefore, the removal of acid gas from n.m.ll.'\l gas is
necessary, and carbon capture and storage (CCS) (de Carvalho Key

et al. 2018) and sulfur recovery technology (Adewale 1 al. 2018)
have been recognized as one of the most promising measures to
improve the sustainable development of fossil energy.

At present, more than 30 kinds of natural gas deacidification
processes have been developed. such as chemical absorption,
physical .ibsorpuon physical and chemical absorption and direct
oxidation (Zhanc 1 20. ). However, these traditional acid gas
removal processes ge nrr.ﬂl\ suller from the shortcomings such as
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