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ABSTRACT 
Valve dynamics has great impact on the overall efficiency of a hermetic reciprocating compressor. 
Suction and discharge valves are responsible for the refrigerant flow rate throughout the vapour 
compression refrigeration system and the suction valve influences more than the discharge valve 
when efficiency is considered. The closing and opening of a suction valve affects many parameters 
such as effective flow and force area, backflow effect, fatigue, valve displacement etc., which directly 
affects the efficiency of the compressor. 
 

In the present work, a two-way Fluid Structure Interaction (FSI) simulation is carried out to study the 
influence of inlet pressure of refrigerant on suction valve dynamics of a hermetic compressor.  For 
validation purpose a small experimental setup is made where air is taken as working fluid in place of 
refrigerant. In experimental studies, the deflection of the valve is measured by strain gauge which is 
connected to a wheat stone bridge in the laboratory.  The inlet air is supplied from a compressor and 
its pressure is controlled by a pressure regulator. The numerical simulation is carried for the same 
experimental boundary conditions and the predicted deflection results for 0.5 bar is validated by a 
two-way Fluid Structure Interaction (FSI) methodology in ANSYS Workbench 16.0 which includes 
ANSYS Mechanical and ANSYS Fluent. The stresses are plotted in ANSYS Structural tool on the 
surface of suction valve and its corresponding deflection is obtained. Pressure contours on the 
surface of suction valve is plotted using ANSYS Fluent.  Upon validation, the two way FSI simulation 
is extended to further investigate the influence of inlet pressure of air from 1.0 bar to 3.5 bar and the 
corresponding deflection of the suction valve is predicted.  The current work may be used as 
benchmark for numerical studies of a hermetic compressor using two way FSI simulations. 
 

Keywords—Hermetic reciprocating compressor; Valve dynamics; Suction valve; FSI; Deflection; 
Strain gauge. 

1.INTRODUCTION 
Hermetic reciprocating compressors are the most commonly used in domestic refrigeration and air 
conditioning applications. Apart from this they are also widely used in chillers, water fountains, bottle 
coolers and ice machines. It is reported in the literature [1] that the suction and discharge losses in a 
hermetic compressor account nearly 47% of the total loss. Slight improvement in the suction and 
discharge process increase the thermodynamic efficiency to a great extent and which further affects 
the overall efficiency of the compressor. The suction and discharge valves in the hermetic 
compressor are operated due to the difference in pressure between the suction and delivery side of 
the compressor. Better flow analysis through the valves is important for efficiency valve design. The 
valves designed for the purpose should available at less cost, easily manufactured and highly 
reliable. The knowledge on flow physics itself is not sufficient for efficient valve design. Apart from 
this structural analysis which gives an insight in valve life, stress and valve deformation are also 
important. Fluid structure interaction is a CFD technique which takes into account both the flow 
characteristics and structural characteristics. In this technique, the solution from the flow solver is 
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given as input to the structural solver and the solution from the structural solver is fed back to the flow 
solver which makes it a cyclic process with 2-way coupling. Modeling the fluttering valve with fluid 
structure interaction is one of the challenging task in the industry today. Numerous works are 
available in literature for valve design and few works are reported on fluid structure interaction on 
valves. In [2, 3] an experimental work is carried out on hermetic compressor suction valve with 
Reynolds number varying from 1000 to 10000. It is observed that the hydrodynamics stabilities of the 
flow makes the valve not to attain a stable state. It is also noticed from their work that with an 
increase in Reynolds number the frequency of the valve movement is reduced by 7%. The author [4] 
has carried out numerical work which includes FSI on the delivery valve of the hermetic compressor. 
The work is carried out to predict the failure of the delivery valve. Displacement of the valve and the 
stress during the valve lift is predicted with FSI and compared with the experimental values. A good 
agreement is seen between the experimental and numerical results obtained. The numerical model 
from the work can be used for further studies related to valve impact and valve life cycle. In [5] a 
numerical analysis is carried out to study the effect of various geometric parameters of the valve on 
the compressor performance. Three different parameters namely the distance between the valve 
plate and reed valve, the diameter of the circular portion of the valve and the valve thickness are 
varied to optimize the geometry of the reed. The most important observations made are, the 
thickness of the valve affects the mass flow rate to a greater extent and though the circular portion of 
the reed valve is having a less influence on the mass flow rate, the change in the diameter also 
enhances the flow rate without any reliability problem. In [6] an FSI analysis and experimental work is 
performed to study the effect of different parameters associated with the suction and exhaust system 
of the compressor. Cooling capacity, valve motion, pressure-volume diagram and mass flow rate are 
obtained and the values showed good agreement with the experimental results. The method used in 
the present research is used in the development of a new compressor. In [7] the authors performed 
numerical and experimental work to study the effect of suction valve parameters on the performance 
of the hermetic compressor. Three main parameters namely natural frequency of the valve, pre-load 
force and the diameter of the bore are varied and the performance of the compressor noted. For 
experimental work the authors used Laser Doppler vibrometry for measuring the impact velocity of 
the valve.   

  

2.EXPERIMENTAL SETUP 
An experimental set up is built which simulates the actual valve lift inside the hermetic compressor. 

The displacement of the valve is measured using a strain gauge. The strain gauge with an active 
gauge length of 6mm is used in the present study. The gauge factor of the strain gauge is 2. The 
pressurized air is obtained from an air compressor which can supply a maximum pressure of 19 bar. 
The required amount of pressure is regulated using a pressure regulator. The detailed schematic of 
the experimental setup is presented in Fig. 1. A quarter type Wheatstone bridge is made so as to 
convert the change in resistance valves from the strain gauge in to voltage signal. C-DAQ 9215 data 
acquisition model with LABVIEW is used to obtain the generated voltage values.  

Initially the strain gauge is bonded on the reed valve at the fixed end of the valve where the stress 
is maximum during the valve lift. Necessary steps are taken to see that the bonding between the 
gauge and the reed valve is decent. The type of strain gauge is selected so that it should not add any 
weight on the valve which makes the obtained valve lift inaccurate. For calibrating the gauge a screw 
type arrangement is made where 1 revolution of screw having 1 mm pitch lifts the reed 1 mm. The 
screw is rotated for 90̊, 180̊, 270̊ and 360̊ and the corresponding change in resistance is noted. The 
process is repeated for 7 complete rotations of the screw. The graph is plotted between the angle of 
rotation of screw and voltage to see the linearity of the measurements. The same method is repeated 
for five times and all the five the values obtained are found to be perfectly linear. Then the screw 
used for manually lifting the valve is replaced with a hose which supplies air from the compressor. 
The air from the compressor is allowed to flow through the pressure regulator where the required 
pressure is obtained by adjusting the knob. The valve plate is fixed to a fixed base which has the 
provision to allow the flow of air through it. The pressurized air flows in to the fixed base and it 
directly hits the reed valve. The reed valve is placed on the valve plate and this arrangement is fixed 
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to the base. The valve in the present study is obtained from a Samsung company model compressor. 
Due to this the valve gets displaced and the corresponding change in resistance of the gauge is 
obtained. The obtained resistance change due to the valve displacement is given to quarter type 
Wheatstone bridge where it gets converted in to the voltage signal. The output from the Wheatstone 
bridge is fed in to C-DAQ 9215 and the LABVIEW software is used to acquire the voltage signals. 
The continuous values of the change in voltage which are in analog form can be treated in LABVIEW 
software to get the digital values. The dimensions of the reed used in the present study is depicted in 
the Fig. 2.   

 

 

Fig. 1. Experimental setup 

 

Fig. 2. Dimensions of suction reed valve  

3.NUMERICAL METHODOLOGY 
Computational domain and boundary conditions 

The numerical methodology followed can be broadly classified in to three phases. In the initial 
phase the required three dimensional geometry is modeled using Solidworks 15.0. The geometry 
used for the present study is simplified so that any parameters which are less significant on the valve 
lift are neglected. In real compressor operating conditions the pressure difference between the 
cylinder and muffler outlet makes the valve to open and close. As seen in Fig. 3 the geometry of the 
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valve is assumed to be symmetric and only the half section of the valve and fluid part is modeled to 
reduce the computational time and resources. The computational domain used in the present study is 
shown in Fig. 3. In the second phase the domain is discretized in to number of sub domains with 
finite volume discretization. This process is also termed as meshing. The mesh generated for the 
fluid domain and the solid domain are presented in the Fig. 4.Dynamic mesh is used to allow the reed 
to deform and to capture the valve displacement. Next, the necessary boundary conditions namely, 
inlet pressure, outlet pressure etc... are specified in both Fluent and structural solvers and the 
solution is initialized. Various governing equations namely continuity, momentum, energy and solved. 
K-ε turbulence model is solved for capturing the turbulence formation around the valve. After this 
both the setups from Fluent and structure are coupled using system coupling. The system coupling is 
necessary so as to exchange the information between the flow solver and structural solver. In the 
system coupling necessary time step is provided. Proper under relaxation factor is selected and the 
data transfers are created so that the solution from Fluent is transferred to structural and vice-versa. 
Then in the system coupling component update is given so that the two way FSI simulation gets 
started. The process of transferring data from Fluent to structural and from structural to Fluent is 
continued till the number of time steps are completed. Since the present simulation is carried out as a 
steady state simulation, even if the solution gets converged the solver runs till the assigned time 
steps are completed. In the third phase once the solution gets converged the post processing of the 
results are performed. Necessary files namely valve deflection, stress on the valve, pressure 
contours and velocity vectors are plotted. The results obtained are tabulated and presented in the 
results section. 
 

 

Fig. 3. Computational domain in the present study 

   

Fig. 4. Fluid and solid mesh near the valve portion 

4.RESULTS AND DISCUSSIONS 
In order to investigate the effect of varying inlet pressure on various parameters is discussed in the 
section below. All the results namely valve displacement/deflection, stress on valve, pressure 
contour, velocity vector and fatigue life are presented below. The experimental valve displacement 
for the 0.5 bar is validated with FSI numerical result and once they are matched the FSI analysis is 
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carried out from 1 bar to 3.5 bar. The experimental value and the numerical result obtained for 0.5 
bar case is shown in table. 1.  
 
Validation of the result 

 TABLE I 
VALIDATION 

 Displacement of reed valve for 
varying pressure 

  

Operati
ng 
pressu
re 

Experime
ntal   
deflection 

Numeric
al  
deflecti
on 

Error (%) 

0.5 bar  1.295  1.388    6.7% 

 
The table. 2 below gives the FSI numerical results for valve deflection, stress on the valve and 
fatigue life. The valve deflection for varying pressures are plotted from 0.5 bar to 3.5 bar respectively. 
The pressure contour and the velocity vector for 0.5 bar is shown in Fig. 8 and Fig. 9.  
 

 
TABLE I 

 VALVE DISPLACEMENT 

Displacement of reed valve for varying 
pressure 

Operating 
pressure 

Numeri
cal  
deflecti
on 

Stress on the  
valve (max. 
value) 

Fatigue 
life (min. 
value) 

0.5 bar  1.388  291.9 7160.1  

1 bar   2.9296  633.25  780.55 

1.5 bar  4.4325  975.5  253.61 

2 bar  6.1022  1376.2  106.78 

2.5 bar  7.0496  1605.3  74.027 

3 bar  7.6924  1762.2  59.418 

3.5 bar  8.4  1943.6  47.236 

 

 

0.5 bar 
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1 bar 

 

1.5 bar 

 

2 bar 
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2.5 bar 

 

3 bar 

 

3.5 bar 

 
Fig. 5. Valve displacement for varying pressure (0.5 bar – 3.5 bar) 

 
The valve displacement for varying pressures (0.5 bar – 3.5 bar bar) are plotted in Fig. 5. The 

cooling effect produced in the evaporator mainly depends on the quantity of the refrigerant flow 
through the refrigerant circuit. The force induced by the refrigerant flow on the valve makes the valve 
to deflect. The valve lift is an important factor to be considered for better compressor efficiency. If the 
valve lift is high, more amount of refrigerant can be taken inside to the cylinder volume. This more 
amount of refrigerant which goes out from the compressor as a compressed gas can take more 
amount of heat from the refrigerated space. From the figures for valve deflection it can be seen that 
the deflection of the valve increases with an increase in the inlet pressure. It is good to have higher 
valve lifts but at the same time the durability of the valve also needs to be checked. Higher lift 
induces more fatigue near the fixed end of the valve and the valve may fail which halts the 
compressor and the compressor needs to be replaced. The work carried out in the present study can 
be extended to study different materials and their effect on the valve lift. In general if the thickness of 
the valve is more then, the valve lift will be less and thereby the mass flow rate of the refrigerant also 
decreases. But, with the thickness of the valve being more the stresses induced at the fixed end of 
the valve will be less. So, one has to take both the valve lift and the mass flow rate in to consideration 
for the optimized value of thickness of the valve and the durability of the valve.  
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Fig. 6. Stress on the valve for 0.5 bar 

 
Fig. 7. Fatigue life of the valve for 0.5 bar  

 
Fig. 8. Pressure contour near the valve for 0.5 bar 
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Fig. 9. Velocity vector plot for 0.5 bar  

 
The figures 6-10 shows different plots for 0.5 bar case. The Fig. 6 shows the stress acting on the 
surface of the valve. It can be seen from the plot that the stress is comparatively high at the fixed end 
than at the free end. Since the pressure applied on the valve is 0.5 bar the value of stress near the 
fixed end is very low. With the increasing pressure on the valve the stress at the fixed end also 
increase. So, while designing the valve the type of material with high durability is chosen for 
maximum life of the compressor. Fig. 7 depicts the fatigue life of the valve due to the force induced 
on the valve. The minimum the valve of the fatigue life there is the chance of breakage of the valve. 
From the figure it can be seen that the area near the fixed end is having lower value when compared 
with the other area of the valve. The fatigue life of the valve should be more to have high fatigue 
resistance. The material for the valve should also possess high fatigue strength. Higher fatigue 
strength gives more working cycles and the life of the compressor will be more. Fig. 8 presents the 
contour for 0.5 bar pressure. It can be seen that the pressure inside the pipe before hitting the valve 
is nearly 0.25 bar. The pressure near the valve area is nearly 0.44 bar. The area of the domain after 
the valve has vacuum pressure. The valve is seen deflected when the pressure is applied on the 
valve. Fig. 9 shows the velocity vector contour for the 0.5 bar pressure. The velocity of the flow is 
high near the valve portion. Small vortex formation can be seen once the flow passes through the 
valve. The vortex formation is induced due to the turbulence induced by the flow. The velocity vector 
plot gives a clear understanding of the flow behavior inside the domain.   
 

 
 

Fig. 10. Pressure vs stress 

International Journal of Pure and Applied Mathematics Special Issue

4249



 
 

Fig. 11. Pressure vs fatigue life 
Figure. 10 shows the plot for pressure vs stress. The numerical deflection of 0.5 bar is validated 

with the experimental data and they are in good agreement with each other.  From table. 1 it can be 
seen that the error percentage between the numerical and the experimental value is 6.7. The 
numerical simulation is performed for 1 bar – 3.5 bar. From the Fig. 10 it can be seen that the plot for 
pressure vs stress follows an increasing trend with an increase in pressure. More stress is generated 
on the valve with more pressure acting on the valve. Figure. 11. Presents the plot for pressure vs 
fatigue life. The values of the fatigue life from 0.5 bar – 3.5 bar is shown in Figure. 11. The lesser the 
value of the life the stress is more and the fatigue failure may occur at that portion.  

5.CONCLUSIONS 
An experimental work is carried out on the suction valve which is taken from a hermetic 

reciprocating compressor. Two way fluid structure interaction analysis is also performed and both the 
experimental and numerical results are compared. The effect of varying inlet pressure on different 
parameters are investigated in the present work. The present numerical model can be used a s a 
stepping stone for the full compressor simulation. Numerical simulation for the entire compressor 
geometry is a time consuming process and one can decide in which area of the compressor mostly 
affects the performance. The efficiency of the compressor mainly depends on the functioning of the 
valves. Proper valve functioning leaves to higher compressor efficiencies. This study can be further 
extended to perform parametric studies to identify the key parameters and optimize the valve design. 
Also the heat transfer effect inside the cylinder volume can also be considered for in depth analysis.  
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