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Abstract: In this article, numerical simulation of 3D, compressible and turbulent coolant two phases
fluid flow inside an expansion valve has been investigated. Because of turbulent behavior of flow,
through the expansion valve, the k-ε turbulence model is utilized to the governing equations. The
temperature  drop occurs throughout the expansion valves, which causes large amount of heat transfer,
has been demonstrated by the variation of specified parameter  such as ratio of inlet pressure (Pi) to
outlet pressure (P). This research represented that the effects of geometry and pressure ratio are main
parameters for achieving a reasonable performance in the operation of refrigerators expansion valves.
The computational results lead to this matter that the mass flow rate of refrigerant was almost
insensitive to pressure outlet. The results shown good capability of refrigerant R410-A for heavy
throttling process. The geometry parameter, such as  α, effects expansion space, so that increases of
this parameter caused to decrease of coolant fluid temperature in outlet region. The computational
results show that there is a critical condition to reach good thermal performance. This critical point
can be defined at lift values of valve equal to 0.125 and 0.1875 respectively for R22 and R410A.
Therefore for optimum designing of the expansion valves, the temperature ratio is kept fix and system
pressure can be adjusted for minimum compressor power consumption. Comparison of evaluated
numerical obtained results of the present work with the experimental data show a good and reasonable
agreement.
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INTRODUCTION

Expansion valve is a very important part in a refrigeration system. It is used not only to drop the pressure
of the refrigerant to provide the need of refrigeration, but also to regulate the refrigerant mass flow rate to
attain the variable condition. Thermal expansion valves (TEV) have been widely used in refrigeration systems.
Because of the slow responding and low precision of TEV, It was required that new models such as electronic
expansion valves (EEV) would be developed. In comparison with TEV, EEV respond faster to the variable
operational conditions and have wide regulated range and high precision. A new model for depicting the mass
flow rate characteristic of EEV, which employ the Combination of the homogeneous equilibrium fluid model
and the frozen flow model, is developed. On the basis of tested data, an equation of meta-stability coefficient
is proposed (Jinghui Liu, 2007). Different from the mass flow coefficient in the conventional model, the
meta-stability coefficient has nothing to do with the inlet pressure and the outlet state parameters. Only the
inlet sub-cooled degree and the flow area are correlated in the equation (Jinghui Liu, 2007). 

Researches on the mass flow characteristics of EEV are very limited. Shanvei et al. (2005) measured the
mass flow characteristics through expansion valves for different tapered needle valves and orifice inner
diameters at the same inlet and outlet conditions. They concluded that there was no obvious relationship
between mass flow rate and needle valve geometry (taper angle) at the same flow area. The mass flow rate
remained constant with the same flow area even when the needle valve geometry was varied. However, they
did not consider the effects of the orifice length inside the expansion valve (Chasik Park, 2007).
   In heat pump/refrigeration systems, the expansion device is a key component for refrigerant mass flow
control and throttling to maintain the refrigerant in the two-phase flow regime before entering the evaporator.
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Compared with capillary tube and thermostatic expansion valves (TEV), the electronic expansion valves
(EEV) are more advantageous. The mass flow regulating mechanism of the EEV differs from that of other
types of expansion devices especially. The EEV have a stepping motor that accurately drives the valve needle
higher or lower according to the number and phase order of the electronic pulses to adjust the opening of EEV
(He, 1997). The opening value can be set dynamically as a function of the operating state of heat
pump/refrigeration system, based on the specific control strategies under the constraints of the system
mathematical model and reliability. This real-time mass flow regulation can implement the optimal economic
and reliable operating strategies of the heat pump/ refrigeration systems if associated with other automatic
control technologies (He, 1997) such as water- or air-flow control, and compressor frequency conversion.
Because of the flexibility of EEV mass flow regulating mechanism, it has a robust adaptability to all
refrigerants in use and a wide range of operating conditions, which give the potential to replace the TEV and
the capillary tube. In fact, the ranges of EEV applications have expanded gradually and successfully from
small-scale to large-scale systems (He, 1997; Aprea, 2002; Chen, 2005; Choi, 2002). The characteristics of the
EEV have been investigated experimentally and theoretically in recent years. In applications, the EEV do not
have the inconvenience of needing to adjust preset values in the system design stage for a specific TEV or
capillary tube by experience, such as the TEV balance pressure. The only requirement is that the EEV mass
flow characteristics must be accurately known for various systems and a wide range of operating conditions
for proper mass flow control. The first step in formulating the mass flow characteristics is to specify a dynamic
or steady-state mathematical model. Dynamic models can be described the EEV transient response as the input
variables change, but it is more complex than steady-state model for system simulations. The decomposition
theory of large-scale system states that the fast transient responses, which have small time constants several
orders of magnitude less than the slow system dynamics, can be modeled as steady-state responses. Therefore,
since the throttling process in the EEV is much faster than the refrigerant processes in the other system
components, the transient effects in the EEV can be neglected without significant errors in system simulations.
In the present work by using numerical simulation, CFD technique, whole of operating conditions of expansion
valve, has been simulated, modeled (Fig 1) and throttling process analyzed. Therefore, correspond to position
of tapered needle valves, which effects pressure drop, velocity variation of coolant fluid flow and temperature
difference has been evaluated.

2. Governing Equations and Turbulence Model:
Since the flow in the expansion valve is turbulent, hence some assumptions and practical considerations

must be utilized to represent its effects. Thus, the compressible turbulent flow through the expansion valves
are government by the conservation of mass, momentum, energy and state equations together 
with the complementary equations of turbulent kinetic energy k and rate of dissipation ε.
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In the above equations, the symbols   ,    and    represent the time averaged flow variables, while theU P T

symbols u’ and T’ represent the fluctuations in velocity and temperature. The values         and        i iu u   p ic u T  
represent the turbulent shear stresses and turbulent heat flux. These terms are unknown and must be
approximately expressed in terms of mean velocity and temperature.

For closure of the governing equations of fluid flow, empirical data or approximate models are required
to express the turbulent stress and heat flux quantities of the related physical phenomenon. In the present
numerical analysis, k-ε turbulent model proposed by Launder and Spalding is adopted k-ε turbulent model
introduces two additional equations, That is, turbulent kinetic energy (k) and rate of dissipation (ε). The
equations for turbulent kinetic energy (k) and rate of dissipation (ε) are given by:
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Where the coefficients can be defined C1ε = 1.44, C2ε = 1.92. Another coefficients are σk = 1.0, σε = 1.3
and Cμ = 0.09. In the above equations, Gk represents the generation of turbulent kinetic energy due to mean
velocity gradients. σk and σε are effective Prandtl numbers for turbulent kinetic energy and rate of dissipation,
respectively.

3. Numerical Solutions:
The system of governing equations (1)-(6) was solved by control volume approach, which convert those

equations to a set of algebraic equation. First order upwind and second order central scheme were employed
to discretize the convection terms, diffusion terms and other quantities resulting from governing equations. Grid
schemes used are staggered in which velocity components are evaluated at the center of control volume
interfaces and all scalar quantities are evaluated in the center of control volume. Pressure and velocity were
coupled using Semi Implicit Method for Pressure Linked Equations [SIMPLE]. During the iterative process,
the numerical residuals were carefully monitored. For all simulations performed in the present study, converged
solutions were considered when the residuals resulting from iterative process for all governing equations were
lower than 10-6. Various grids are used to verify the grid independence of the solution. Hence, Additional runs
for the coarser and finer meshes were undertaken for a check of grid independence. As shown in figure 2. 

Fig. 1: Schematic model of an Expansion valve: (a) 3d model, (b) longitudinal crass section.

Fig. 2: Mesh validate.
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RESULTS AND DISCUSSION

Fig. 4 shows the effect of pressure outlet on the mass flow rate with two different refrigerants (R22 and
R410A) and different lift conditions. As can be observed, the mass flow rate of refrigerant was almost
insensitive to pressure outlet, just a very slight decrease of the mass flow rate was found when the pressure
outlet was increased. Comparisons of experimental results ( Mohammed Ait BahJJI, 2000) with results of
present work, Fig. 4, show a good agreement. The computations to be reported in the following sections were
performed on a medium grid and shown in a half section as Fig 3.

As can be observed with decrease of outlet temperature that, consequently rise up of outlet pressure, the
mass flow rate is decreased. Figure 5 illustrates the effect of outlet temperatures on the mass flow rate with
two different refrigerants (R22 and R410A).As can be observed with decrease of outlet temperature that,
consequently rise up of outlet pressure, the mass flow rate is decreased.

Fig. 6 presents the variation in the mass flow rate with inlet temperature for both refrigerants. The mass
flow rate in this condition is proportional to inlet pressure by keeping the outlet pressure and valve lift
constant. As it is cleared in Fig.s 6(a) and 6(b) for a constant outlet pressure, the high pressure in inlet causes
fluid temperature to increase in that region. Comparison of present work results with experimental data also
can be seen in this Fig. The effect of valve lift on the mass flow rate for the two tested refrigerants (R22 and
R410A) is shown in Fig. 8. Results show that the mass flow rate increases due to the increase of the flow area
at the valve throat when the valve lift is increased. 

One of important point in this research is illustration of conditions for achieving good performance in a
typical expansion valve. There for, correspond to Fig. 9 for lift conditions equal to 0.125 and 0.1875, it may
be stated that we have reasonable performance for expansion valve.

In fig 10(a) the expansion valve  (α) angle variation is shown. Fig. 10(b) illustrates the role of expansion
valve (α) geometry in the operation of valve. It is cleared that increase of α, causes improvement in the
expansion valve performance due to decrease of outlet flow temperature.

The present researches the effects of opening conditions of the expansion valve in eight different cases
have been evaluated. For any case the corresponding outlet temperature and pressure variation are determined.
In all of different conditions, namely needle steps, inlet pressure is kept constant, while outlet pressure is
adopted due to position of needle of the expansion valve. These various positions of needle give outlet
temperature so that appreciable temperature difference is seen. In Fig. (11) for various pressure ratios, outlet
temperatures are shown. It is obvious that for decreasing of outlet pressure, the fluid throttling temperature
raised as far as maximum Ti / To =1.059.

As cleared in Fig. (12), the pressure ratio can be affected the mass flow rate velocity in inlet and outlet,
such that, minimum velocity ratio Ui / Uo = 0.51081 is obtained for maximum pressure ratio Pi / Po =1.2463.
By comparing results of above mentioned Fig.s, it may be expressed that maximum decrease of outlet
temperature is not necessarily at maximum pressure ratio. The simulation of throttling process in the expansion
valve and temperature contours is shown in Fig. 13. This space consists of inlet, needle position, outer case
of needle and outlet. Fig. (14) also represents the pressure contour of whole of the expansion valve. Like as
preceding discussion these contours show the coolant fluid flow pressure variations are important in outlet and
inlet regions.

As indicated in Fig. (15), the flow velocity alters in many directions at various regions. In Fig. 15(A) the
coolant fluid flow has been experienced a highly velocity, because, throttle process, so that fully turbulent
condition is governed. Consequently the flow moves toward needle casing and finally exhausts Therefore, like
to inlet region, turbulent flow patterns form at outlet (Fig. 15(B)).

Fig. 3: Schematic of medium grids on a model.
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Fig. 4: The effect of outlet pressure on the mass flow rate (a) Refrigerant R22, (b) Refrigerant R410A.

Fig. 5: The effect of temperature on the mass flow rate (a) Refrigerant R22, (b) Refrigerant R410A.
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Fig. 6: The variations of mass flow rate with inlet temperature (a) Refrigerant R22, (b) Refrigerant R410A.

Fig. 7: The effect of inlet pressure on the mass flow rate.

Fig. 8: Flow dependency on the valve lift at constant inlet pressure.
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Fig. 9: The variation of temperature ratio with different opening.

(b)
Fig. 10: The effect of α on temperature ratio.

Fig. 11: The variation throttling temperature ratio with pressure ratio.
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Fig.12: Effect of expansion valve opening conditions on the velocity ratio.

Fig. 13: Temperature contours for pressure ratio     = 1.1737.i
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Fig. 14: Pressure contour for pressure ratio     =1.1737.i
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Fig. 15: Velocity vectors inside the expansion valve for pressure ratio      = 1.1737.i
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Conclusions:

In the present work numerical simulation has been carried out on 3D, compressible and turbulent coolant
fluid flow in the expansion valve. Because of turbulent behavior of flow, through the expansion valve, the k-ε
turbulence model has been utilized to governing equations. The computational results show that there is a
critical condition to reach good thermal performance. This critical point can be defined at lift values equal to
0.125 and 0.1875 respectively for R22 and R410A. Therefore for optimum designing of the expansion valve,
the temperature ratio can be kept fix and system pressure can be adjusted for minimum compressor power
consumption. The computational results show that the mass flow rate of refrigerant was almost insensitive to
pressure outlet. The numerical results shown good capability of refrigerant R410A for heavy duct throttling
process. The geometry parameter, such as α effects expansion space, so that increases of ?  caused to decrease
of coolant fluid temperature in outlet region. Also comparisons of experimental data with numerical simulation
show a good and reasonable agreement.

Nomenclature:
μ : Dynamic viscosity.
μt : Turbulent viscosity.
k : Turbulence kinetic energy.
ε : Turbulence dissipation.
P : Pressure.
T : Temperature.
φ : Viscous dissipation.
α : angle in expansion valve geometry.
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