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ABSTRACT

Computational Fluid Dynamics (CFD)
analysis is one of the most important
powerful processes in commercial engine
project, which is going to give the engineers
the overall vision that a simulator may want
to know about. It could save lots of time and
costs before people actually manufacture the
engine. This paper deals with numerical
simulation of a double acting alpha-type
Stirling engine (DASE), which has four
cylinders  with  four pistons moving
respectively. In the engine, double actions of
the four pistons take place in two opposite
chambers in each of four cylinders. For each
cycle, the piston alternately moves back-
and-forth in a cylinder by the connecting

expansion chamber of a cylinder to the
compression chamber of the next cylinder
with a channel, the pressure difference
between the expansion and compression
chambers is increased and the power
capacity of the engine is improved. In this
paper, the numerical module is built based
on the frame of commercial CFD software
(FLUENT). The user-defined functions
(UDFs) of the software are adapted so that
the movement of those pistons in those
cylinders can be simulated. Periodic
changes in temperature, pressure and
velocity fields in the engine are predicted and
the power output of engine is obtained.
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1. INTRODUCTION

The idea of double acting alpha-type Stirling
engine which original created with four cylinders
but in one cylinder have two chambers,
expansion room (hot space) and compression
room (cold space). The adjacent cylinders would
be connected to the behind cylinders after
throughout the regenerators. Each cylinder has
only one piston which can move from the top
dead center (TDC) point to bottom dead center

(BDC) point to create the swept volume in other
room. The four pistons can be driven by apply
any mechanism systems, whichever can make the
sinusoidal motions of multi-pistons by the phase
angle differences of adjacent pistons in the
engine, for example the crankshaft system and
swash-plate system...etc.

The models are designed with the exact
fluids occupied by the volumes inside the engine.
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The primer design has 4 modules within hot
chamber (fluid in the expansion chamber), cold
chamber (fluid in the compression chamber), and
regenerator (fluid in the regenerator) and pipes
(fluid occupied in the pipes which connected hot
chamber and cold chamber to regenerator).

Each module has the same structure and
working principles but the phase angle is 90
degree difference between these modules (shown
on Figure 1), so that total volume of each module
is not the same at the start point. At the beginning,
two modules are at the smallest volume
(pressing) and two other modules are at the
biggest volume (stretching).
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b) Liner configuration of DASE
Figure 1. The different configurations of DASE
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2. METHODOLOGY
2.1. Piston displacement

For the determination of sinusoidal motion
of those 4 pistons in simulation, the analysis
trajectories of those pistons are a necessary
process. The displacements of four pistons in

alternate cylinders can be seen in Figure 1, it can
be written following as bellow:

1)
S =rsina+Lcos(sin_1(rcosan;
1 L
S =r005a+Lcos(sin_1(mB; 2)
2 L
53=—rsina+Lcos(sin_1($D; 3)

S, =-rcosa+ Lcos(sin_l(rsraﬂ; (4)

where, a is the phase angle; r is the radius;
L isthe length of connectingrod; s ,s,,s,,s,
are the straight trajectory of these 4 pistons.

2.2. Volume variation

In a DASE model there are 4 modules, one
module consisting of compression chamber,
expansion chamber and regenerator. Those
theoretical thermodynamics model of each
module are the same as sinusoidal variation so
that in this section, theoretical study of one unit
module analytical studied model as others. These
total expansions space and total compressions
space can be calculated as equations below:

Vi, =Vig +\%(1+ cos wt) (5)
V, T
V, =V, +—1+cos| wt+—
Hy i T, ( ( ZJJ (6)
Vi, =Vig 42 (1 c0s 0t 7)) )
V
Vi, =Vig +%(1+ cos(a)t+37ﬂn (8)

V
Ve, =Voq +—=(L+ cos (ot + 7)) )
Ve, =Veq + Vse (1 +COs [a)t + 3—”)] (10)
' 2 2
Ve, =V, + VZSC (1+cosot) (11)

Ve, = Ve +V2SC (1+ cos(a)t+%jj (12)

where, VH is expansion space volume
variation, VC is compression space volume
variation, VHd is expansion death volume, Vcd
is compression death volume, Vsh is swept
volume of expansion space, VSc is swept
volume of compression space.

Thermodynamic of this model calculated by
the consideration on three main spaces are hot
chamber (CV-hot), cold chamber (CV-cold) and
regenerator space [1]. The volumes of hot
chamber and cold chamber are not stationary; its
variable due to piston’s displacements all the
time but the volume of regenerator is constant.

2.3. A control volume of DASE

In the Figure 2 shows a control volume
(CV) in a DASE which called one module. The
CV design includes hot chamber (fluid in the
expansion chamber), cold chamber (fluid in the
compression chamber), and regenerator (fluid in
the regenerator) and pipes (fluid occupied in the
pipes which connected hot chamber and cold
chamber to regenerator), which are the exact
fluids occupied by the volumes inside the engine.

2.4, Working condition

The operation of Stirling engine [2] can be
controlled by the different levels of heat sources
from both of expansion room and compression
room. The net work done can be adjusted by
many ways such as initial pressure in charge,
variation of volume including dead volume in
each room, variation of temperature of heat
sources, etc.
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Figure 2. A control volume in a DASE
Table 1. Dimensional design of base-line case
Expansion cylinder & piston
Bore 70 mm
Stroke 50 mm
Swept volume 192 cm?
Compression cylinder & piston
Bore 70 mm
Stroke 50 mm
Swept volume 192 cm®
Regenerator
Diameter 20 mm
length 50 mm
Volume filling up in fact 14 cm®
Connected Pipe
Diameter 8 mm
Total length 210 mm
Volume filling up in fact 10 cm®
Table 2. Working conditions of DASE
p TH T, D,. Regenerator s 0
(atm) ’ Porosity (mm) (rpm)
(K) (K) (mm) (%) P
1-3-5 1200 300 70 0.9 50 750-1500-3000
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Figure 5. PV diagrams of each module in different

charged pressures in a cycle

Besides, the working fluid used inside those
chambers is considered as air, hydrogen and
nitrogen; they have almost the same
thermodynamic proprieties [3] so that the
performance in a Stirling cycle [4] also must be
similar. The advantages of nitrogen is reduces the
explosion factor under working and the hydrogen
can creates high engine’s efficiency but the main
purpose that we had used air as working fluid
because it is likely as the normal environment and
during the time life cycle of engine it is not only
reduce the maintenance fee but also can make the
longer life time for the engine.
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Figure 4. Pressure variations of 4 modules in cycle
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Figure 6. Work done per cycle and power
output at different charged pressures

3. RESULT AND DISCUSSION

In this paper, the results obtained at primer
design which can be seen in Table 1. The design
of engine cylinder diameter and stroke are fixed.
We do investigate the effects of power output and
energy to improve the performance of engine.
The work done per cycle can be calculated as the
following formula:

W =(f|Pdv =[f|RaV, +[[|RaV, +([|Rav, +[|P.aV,
=4><[!j|:’1d\/1

(13)
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At high charged pressure and low rotation
speed of engine, the performance of engine is
increased as the difference in pressure between
the lowest and the highest point in the PV
diagram is larger. Morever, the area enclosed by
PV diagram also becomes bigger. The effect of
charged pressure also influences to obtain better
indicated work. By the ideal gas equation
PV =mRT , While the specific gas R is constant,
the initial volume and the initial temperature are
the same;the change of initial pressure will
directly affect the quality of the initial mass. By
that mean, the variation of pressure will change
the quality of initial mass so if the power output
per unit mass fixed, more quality of initial mass
charged which will create more power output of
Stirling engine. Figure 7 is the influence of
charged pressure to work done and power output,
which shows the greater of the charged pressure,

will create the higher result of power output and
work done.

To know about the performances of engine,
the investigation effect of speed engine is
necessary, in this paper the performance of
engine bases on the affection of speeds engine
have shown on. The best performance of this
engine given at rotation speed of engine around
point 1500rpm, even though the indicated work
done at this speed does not perfect. Its indicated
work is smaller than the one created by the lower
of speed engine and higher speed engine. The
important issue has also explored is the negative
work will be created when the rotation speed of
engine increases too high. So that, to reach the
highest engine efficiency, the operation engine at
this point is possible.
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Figure 7. Work done and power output in a cycle
at different rotation speeds of engine
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4. CONCLUSIONS

The complete construction of three-
dimensional computational fluid dynamics
simulation is based on solving the dynamic
boundaries problem of the heat distribution and
flow fields in the cylinder of double acting a-type
Stirling engine. The design, simulation and
analysis processes were done by using the
numerical simulation model software
(FLUENT). Using one of the most advanced
simulation software ANSYS FLUENT [5] has
brought much benefits and given us an useful
observation on setting the reliable working
conditions, also verification the unreal working

conditions. The analyses are considered making
heat transfer fluid inside the cylinder, ignoring
the heat conduction wall. Setting heat source
boundary conditions and assumptions are
forwarded to low temperature working engines
[6]. The results such as average temperature,
average pressure, and average mass continuity
are written out with the match up to variation of
volume at the differences of time, it is getting
close to the real engine and improved the results.
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TOM TAT

Phdn mém tinh toan  CFD
(Computational Fluid Dynamics) duwoc biét
dén Ia mot trong nhikng céng cu manh va
hiku hiéu dé hé tro thiét ké céc méu dong co
méi cé tinh thwong mai, phdn mém nay
théng qua cac gid 14p sé cung cép cho céc
Ky sw tdm nhin téng thé trong qué trinh thiét
ké. N6 c6 thé tiét kiém rat nhiéu thoi gian va
chi phi truée khi thure hién ché tao mau thure.
Cong trinh nghién ccru nay trinh bay phwong

phap mé phdng sé cho dong co Stirling loai
alpha téc déng kép (DASE), trong d6 c6 bén
xy-lanh véi bén piston chuyén déng twong
trng. Trong méi déng co, téc déng kép cua
bén piston dién ra trong hai bubng déi dién
trong méi bén xy-lanh. Béi véi méi chu ky,
piston luan phién di chuyén qua lai trong mét
hinh tru théng qua céc két néi bubng gidn né
clia mot xy-lanh téi budng nén cua hinh tru
tiép theo véi mét kénh, chénh léch 4p suét
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giika budng gidn né va budng nén duoc téng
lén va cai thién céng suét cua déng co.
Trong bai béo nay, cdc mé-dun sé duoc xay
dung dwa trén khung cta phdn mém CFD
thwong mai (FLUENT). Cac chirc nang
nguoi dung dinh nghia (UDFs) cda phén

mém duoc stra déi pht hop dé mé phdng
chuyén déng clda céc piston trong cac xy-
lanh. Céc thay déi dinh ky cla céac truong
nhiét dé, ép suét va véan téc trong dong co
duoc duw doén va ghi nhan gié tri cong suét
d4u ra ctia déng co.

T khéa: Déng co Stirling loai alpha tac déng kép, CFD, Ddng co Stirling.
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