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a b s t r a c t

Increasing production and recovery from mature oil and gas fields often requires a boosting system.
Introducing natural gas ejectors can be considered to be a cost-effective way for boosting the production
of low-pressure natural gas wells. The CFD technique was employed to investigate the effects of the
geometrical factors of natural gas ejectors, the optimal geometrical factors were obtained by numerical
simulation to maximize entrainment ratio. Numerical results show that the optimal inclination angle of
the mixing chamber was 14�, the optimal diameter ratio of the mixing tube to primary nozzle throat was
1.7, the optimal length to diameter ratio of the mixing tube was 5.0 and the optimal inclination angle of
the diffuser was 1.43�. In order to validate the numerical results, a field experiment was carried out. The
entrainment ratios obtained by the numerical simulation agreed well with the field data, giving
a maximum entrainment ratio up to 93%, proving the optimized geometrical factors of a natural gas
ejector. This study may provide a beneficial reference for the design of supersonic ejectors and be helpful
for the further applications in boosting natural gas production.

� 2011 Elsevier Masson SAS. All rights reserved.

1. Introduction

Ejectors, also known as jet pumps or injectors, are not new for
compressible fluids and can be dated back to 1852 in England.
Subsequently, many applications have been found in engineering
industries. In the aerospace area, ejectors were used to augment the
thrust of aircraft propulsion systems [1,2]. In the district-heating
applications, the design and application of steam-driven jet injec-
tors were investigated by Ref. [3]. The most relevant application
was the enhancement of the coefficient of performance (COP) of
refrigeration systems [4].

As an energy-efficient and environment-friendly technique,
ejectors have become the focus of renewed interest in many
scientific areas. Adequate ejector design and accurate performance
prediction are critically important and require a deep under-
standing of the entire process. Conventional methods of obtaining
such information are usually based on theoretical or experimental
studies. Although theoretical ejector performance and analysis can
determine the influence of certain ejector geometries, the flow
physics and the effects of other important geometrical factors, such
as the inclination angle of the mixing chamber, the length of the
mixing tube, are usually neglected. Experimentation is the best way
of obtaining useful data, but the cost in both time and money of

constructing an experimental system may limit the wide applica-
tion of this method. Numerical simulation based on physics
principles provides an effective alternative for studying ejector
performance and identifying the best technical options of geom-
etry, operational conditions, real fluid behavior, etc.

Over the years, several mathematical models, commonly based
on the 1D fluid dynamics theory and assuming that the radial
velocities of both the primary and secondary flows are uniform
distributed, have been proposed. Keenan and Neumann [5] used
a 1D model to analyze ejectors without a diffuser. This model was
based on ideal gas dynamics with the principles of conservation of
mass, momentum and energy. The model was later modified by
Keenan et al. [6] who introduced the concept of constant-pressure
mixing, but the heat and friction losses were still ignored. Munday
and Bagster [7] proposed the concept of a fictive throat named
(effective area) to explain some ejector phenomena. Based on the
assumption of constant-pressure mixing, Huang et al. [8] set up
a model to predict the ejector performance when the ejector was in
critical mode operation. These theoretical models were helpful in
obtainingejector performanceunderdifferentoperation conditions,
and the results agreed well with the experimental data. However,
the effects of other important geometrical factors such as the
convergence angle of the mixing section, the length of the mixing
tube and the length of the diffuser are not reflected in those theo-
retical models due to the limitation of the 1D flow simplification.

Experimental methods have been used to analyze the effects of
the geometrical factors on supersonic ejector performance.

* Corresponding author. Tel./fax: þ86 29 82665741.
E-mail address: yanjj@mail.xjtu.edu.cn (JunJie Yan).

Contents lists available at ScienceDirect

International Journal of Thermal Sciences

journal homepage: www.elsevier .com/locate/ i j ts

1290-0729/$ e see front matter � 2011 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.ijthermalsci.2011.02.026

International Journal of Thermal Sciences 50 (2011) 1554e1561

mailto:yanjj@mail.xjtu.edu.cn
www.sciencedirect.com/science/journal/12900729
http://www.elsevier.com/locate/ijts
http://dx.doi.org/10.1016/j.ijthermalsci.2011.02.026
http://dx.doi.org/10.1016/j.ijthermalsci.2011.02.026
http://dx.doi.org/10.1016/j.ijthermalsci.2011.02.026

