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Abstrak
A gas mixer is designed for mixing air and synthesis gas or “syngas” as fuel. Computational models are used to
predict and analyze the influence of the vortex generator angle and aspect ratio on the mixing characteristics and
performance of the gas mixer. Attention is focused on the vortex generator effect on the air-fuel ratio, pressure loss
and mixing quality. Based on the numerical results, a vortex generator is designed. The gas mixer using the
proposed vortex generators was realized with λ in the range of 1.7 to 1.1 corresponding to pressure loss in the
range of 31.9 to 41.4 Pa at 100 m3/h air-flow rates and coefficient of variation (CoV) of mixing in the range of 0.26
to 0.29.
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a nozzle exit as vortex generators has been known to
be efficient. Most of the previous works proposed
triangular shaped (delta) tabs with a 900 apex angle
and orientation angle measured from upstream is 1350
(Hu et al 2002, Zaman et al 1994). The mechanical
tabs can increase the jet mixing performance in a low
speed jet as well as in a high speed jet. The mechanical
tabs can enhance jet mixing because each tab can
generate large-scale streamwise vortices that
responsible for flow distortion (Zaman et al 1994).
A type of static mixer is the high efficiency vortex
(HEV) mixer. They can generate large-scale
streamwise vortices, enhancing momentum-transfer
phenomena and turbulent energy dissipation in the
flow, much better than some static mixers known for
high efficiency (Habchi et al 2010, Thakur et al 2003).
However, better mixing performance is generally
accompanied with an increase in the pressure drop.
The classical HEV mixer (Chemineer 1998)
consists of rows of mixing tabs in a circular pipe. Each
row is made up of four trapezoidal inclined tabs
diametrically opposed in the tube cross section and
fixed on the pipe wall and the tabs are aligned in the
flow direction. Each tab of the HEV static mixer
generates a pair of streamwise counter-rotating vortex
pair (CVP) and hairpin vortices that produce vigorous
cross-stream mixing and rapid uniformity (Bakker &
Laroche 2000, Dong & Meng 2004, Habchi et al 2010,
Mokrani et al 2009, Yang et al 2001). The tab
inclination greatly affects the mixing. A larger tab
inclination angle produces better mixing but at the
expense of a larger pressure drop across the tab (Dong

Introduction
A gas mixer is model (Fig. 1) is designed to mix
synthesis gas (syngas) as a fuel and air for a stationary
reciprocating engine. The gas mixer for the engine is
designed to have air-fuel ratio in term of lambda (λ) in
the range of 1.1 to 1.7. The gas mixer design model
has simple construction and low air-fuel ratio with
relatively small pressure loss, but, it does not produce
good mixing quality. In this research, we focus on
increasing the mixing quality of the gas mixer without
significantly increasing pressure loss by using vortex
genarators.
NXP = 0
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Figure 1. Schematic view of the gas mixer without
mixing improvement device.
A passive control method using mechanical tabs at
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& Meng 2004).
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Grid dependence test was performed on the model
in order to obtain grid independent modeling result.
Numbers of iteration were conducted by refining the
mesh in every stage of simulation. After several
simulations, it was found that the model would have
consistency in result if the mesh consist grid cells
more than about 480,000 cells. In this study, the grid
cell volume used in the CFD simulation was set for
about 500,000 cells.
The computation models were run in the steady
state condition. The turbulence model used in this
calculation is the Standard k-ε model/ high Reynolds
number, which was chosen because of its wide use,
validated consistency and reliability, and less computer
time (Habchi et al 2010, Sundararaj & Selladurai 2008,
Utomo et al 2008). The near wall was defined by the
standard wall function, which gives reasonably
accurate results for a wall bounded with high Reynolds
number flow. SIMPLE (Semi-Implicit Method for
Pressure Link Equation) method was used as the
solution algorithm because it can accommodate steady
state calculations in the iterative mode.
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Figure 3. Gas mixer using mechanical tabs
computational model with hybrid mesh generation.

ß=300

wall

Figure 2. Mechanical tabs initial geometry and
dimensions
The initial design of the mechanical tabs based on
previous research of the HEV static mixer (Habchi et
al 2010) is shown in Fig. 2. The variations and
dimensions of the mechanical tabs are given in Table
1.
Table 1. Variations and dimensions of mechanical
tabs
Tab aspect ratio variation
H (mm)

0.71

6.8

1 J
∑ (c1, j − c )
J − 1 j =1

Tw=18.8

Tab angle
variation
ß (deg)

12.8

21.53

In this research, three-dimensional simulation
models were made and analyzed by using the
commercially available Star CD v3.26 code. The
surface mesh of the mixers was generated using
pro-STAR/surf, and hybrid meshes of the fluid
volumes were constructed using pro-STAR/amm (Fig.
3). Hybrid meshes have a hexahedral core with
pyramidal and tetrahedral cells that automatically
produce a high quality versatile grid.

Based on the numerical
results, an optimized
design of the mechanical tabs is proposed. The
optimized mechanical tabs should improve the gas
mixer’s mixing quality with low pressure loss.

Bw=24.8

18.09

90

Numerical Scheme

Mechanical tabs, following the design of the HEV
static mixer, attached on the primary nozzle exit
circumference to improve the mixing quality are
modeled. The geometries and number of the
mechanical tabs are modified and varied, and each
modification is studied by using Computational fluid
dynamics (CFD) package software to understand the
influence of the mechanical tabs on the performance of
the gas mixer.
The mixing quality of the gas mixer can be
evaluated by determining the coefficient of variation
(CoV) of mixing on the gas mixer outlet cross-section
area (Etchells & Meyer 2004, Thakur et al 2003). The
coefficient of variation can be evaluated as:

CoV

60

Tw (mm)

AR

Result and Discussion

NXP
Variation
Mm

30

13.71

24.8

1.81

4

45

15.60

18.8

1.21

8

To obtain nearly the same air fuel ratio for all of
the tab angles, the primary nozzle exit position of the
gas mixer with tab angle 300 was adjusted on NXP 6
mm, tab angle 450 on NXP 8 mm and the rest of the
tab angles were set on NXP 10 mm. The calculation
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mixing quality.
The mechanical tabs AR is varied for tab inclined
angle of 450. The projected area to the vertical plane of
the all tabs is the same. The calculation results are
shown in the Fig. 5. The results show that reduces the
AR will increase the air-fuel ratio with a slight
decrease on the pressure loss. Decreasing the tab
aspect ratio can improve the mixing quality (Fig. 6).
However, when the AR equals 0.32, the mixing quality
achieves the maximum value (lowest CoV). Further
decrease in AR will reduce the mixing quality.

result is shown in Fig. 4.
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Figure 4. Mechanical tabs inclined angle variation
calculation results with 1.01< λ <1.15.
The 300, 450 and 600 tab angle gas mixer at NXP 6
mm, 8 mm and 10 mm respectively, had similar
air-fuel ratio, in the range of 1.1 to 1.15. The 300 tab
angle gave the lowest pressure loss than the other tab
angles, which was followed by 450 tab angle. The
mixing quality of the gas mixer using mechanical tabs
can be seen in Fig. 5.
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Figure 5. Results according to tab aspect ratio
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Figure 5. Mixing quality of the gas mixer using
mechanical tabs according to inclined angle
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Figure 6. Mixing quality of the gas mixer using
mechanical tabs according to tab aspect ratio

The 600 and 300 tab angles gave similar CoV
values and better mixing quality than the 900 and 1200
tab angles. However, the 450 tab angle showed the best

It is found out that the optimum tab angle is 450.
340

Proceeding Seminar Nasional Tahunan Teknik Mesin XI (SNTTM XI) & Thermofluid IV
Universitas Gadjah Mada (UGM), Yogyakarta, 16-17 Oktober 2012

KE - 062

This tab angle can produce much better mixing quality
than the other tab angles. The best mixing performance
is obtained with AR of 0.32. Therefore, a vortex
generator with 450 tab angle and AR 0.32 is selected as
the optimized design.
Fig. 7 shows the calculation results of the
optimized gas mixer with mechanical tabs at different
NXP. The NXP are 4, 8, 12 and 16 mm from the
entrance of the gas mixer mixing chamber. It is shown
that retracting the primary nozzle away from the gas
mixer mixing chamber increases the secondary flow
(fuel) rate into the mixing chamber, thus lowering the
air-fuel ratio. Consequently, the pressure loss is also
increased. The influence of the NXP on the air-fuel
ratio and pressure loss at 100 m3/h air-flow rate is
depicted on Fig. 16. It can be seen that gas mixer at 5.3
< NXP < 14.1 mm gives the required air-fuel ratio, λ
from 1.1 to 1.7, and pressure loss in the range of 31.9
to 41.4 Pa.
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Figure 8. Influence of NXP on the mixing quality at
air-flow rate 100 m3/h.
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Figure 9. Comparison of the gas mixer without
mechanical tabs and with mechanical tabs at various
NXP (air-fuel ratio) at air-flow rate of 100 m3/h.

(b). Pressure loss

Comparison between the gas mixer with and
without mechanical tabs vortex generator at 100 m3/h
air flow rates, as depicted in Fig. 9, shows that better
mixing performance is accompanied by increased
pressure loss. However, the increased pressure loss by
the mechanical tabs is relatively small in the range of
about 11.5 to 12.8 Pa. The mixing performance of both
gas mixers shows different characteristics. In case of

Figure 7. Optimized model of gas mixer according to
NXP.
Fig. 8 shows that the mixing quality at the outlet of
the optimized gas mixer decreases as the primary
nozzle retracts away from the mixing chamber.
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flow in HEV static mixers [EB]. The Online CFM
Book (2000).

the gas mixer without mechanical tabs, as the air-fuel
ratio increases, the mixing quality is decreased. On the
other hand, the mixing quality of the gas mixer with
mechanical tabs increases with the air-fuel ratio. The
CoV of mixing of the gas mixer with mechanical tabs
vortex generator is in the range of 0.26 to 0.29, while
the gas mixer without mechanical tabs vortex
generator is in the range of 0.82 to 1.08.
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In this research, a computational study was
performed to investigate the performance of the gas
mixer using mechanical tabs as a vortex generator and
to develop an optimized design of the mechanical tabs.
A trapezoidal vortex generator configuration was found
to be effective in improving the gas mixer’s mixing
quality. The tab angle had stronger effect on the mixing
performance than the tab aspect ratio. The optimum
design of the mechanical tab was realized with 450 tab
angles and aspect ratio of 0.32.
The gas mixer with the mechanical tabs had much
better mixing performance than the gas mixer without
mechanical tabs with only relatively small increase in
pressure loss. The design range of the gas mixer’s
air-fuel ratio can be fulfilled by setting the primary
nozzle exit position in range of 5.3 < NXP < 14.1 mm,
which would yield a pressure loss in the range of 31.9
to 41.4 Pa and CoV of mixing in the range of 0.26 to
0.29.
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