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ABSTRACT  

The main purpose of expansion devices is reduced the higher pressure of the working fluid from the 

condenser pressure to the evaporator pressure. There are several kinds of expansion devices, one of these types is 

capillary tube which is common utilized in small size refrigeration systems. In this work, the effect of the diameter of 

capillary tube and mass flow rate of the refrigerant on the physical properties of the refrigerant within the capillary 

tube have been conducted. Moreover, an artificial neural network (ANN) technique has been utilized in order to 

clarify the possibility of applying this theory to the effect of such parameters on the results of the capillary tube. The 

study has been shown that there is a very good agreement between experimental and numerical results. The diameter 

and mass flow rate have impact on the length of the capillary tube, increase diameter leads to increase the capillary 

tube length while increase mass flow rate leads to decrease the length. Furthermore, the results shown that ANN 

technique can be employed to study the effect of such as parameters that considered in this on length of capillary 

tube. So, it can be using latter technique with accuracy 95%. 
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INTRODUCTION  

In order to maintain on constant pressure difference of refrigeration system between the evaporator and the 

condenser, expansion device has been using. One of expansion devices is capillary tube which is using to reducing 

the high pressure to low pressure in small the air conditioning and the refrigeration systems. Many researchers have 

been tried to better understand for parameters that have effect on the behavior of the refrigerant within the capillary 

tube and hence on the dimensions of the capillary tube. Kasuba et. al. [1] conducted theoretical study in order to 

obtain on optimum dimensions of the capillary tube with various refrigerants as working fluid for small air 

conditioner system. R22, R410A and R407c have been used as working fluid in the present study. The results have 

been shown that at same boundary conditions, the length of capillary tube is same for R407c and R22. Whiles, the 

length of capillary for R410A longer than other refrigerants. The effect of Nano-refrigerant within the capillary tube 

on the performance of vapor refrigeration system has been studied numerically (CFD) by Oluseyi et. al. [2]. Two 

types of refrigerant as working fluid have been used, traditional one was (CuR134a) while, new one was (Cu600a). 

the results have been shown that a CFD tool/method can be used to examine the impact of such as working fluid 

within the capillary tube. A homogenous model to analysis a refrigerant flow within a spiral adiabatic capillary tube 

has been developed by M.K. Mittal et. al. [3]. They were studied the influence of spiral pitch on length of capillary 

tube and refrigerant mass flow rate for two kinds of refrigerant (R-22 & R-407C) as working fluid. They reported 

that the properties of flow for both refrigerant are almost similar for a given sub cooling degree and pressure of 

condenser at the inlet of capillary tube. 

Wang et al. [4] numerically simulated the adiabatic capillary tubes coiled in systems of CO2 transcritical 

containing the metastable flow. They found that using Churchill and Lin correlations model can provide 1.8% more 

than for CO2 experimental results. Also, discrepancy between the calculated length of capillary tube for the 

separated flow and homogeneous flow models was around 2-7% in the same operating conditions. Moreover, when 

the coiled diameter increases from 40 mm to 600 mm that leads to the rate of mass flow for CO2 also increased 

around 7%. García et al. [5] numerical simulated capillary tube behavior under pure and mixed flow considering 

metastable region. The numerical results were validated with available experimental results and the results shown 

good agreement. The results shown that when the critical pressure was higher than or equal to the outlet pressure the 
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flow was critical and discharge shock wave was solved. Also, the results revealed that the non-adiabatic and 

adiabatic capillary tubes working under transient, steady, non-critical or critical operating condition can be 

investigation using numerical method. Wongwises and Suchatawut [6] predicted the characteristics of refrigerant 

flow counting metastable area within the adiabatic capillary tube. The numerical model was validated with the 

experimental results stated in the literature. The average prediction of tube length error was around 1.52% as 

comrade to the literature. Also, the mass flow rate prediction error was around 2.41% for the R22 measured results. 

García [7] numerical simulated in the non-adiabatic capillary tubes with metastable area. The numerical simulation 

model permits to investigate different aspects for example type of fluid, geometry, transient cases, metastable 

regions, non-critical and critical flow operating conditions. The best agreement was obtained under two-phase 

frictional multiplier based on the literature.   M. Heimel et al [8] used the ANN method to predict the performance of 

non-adiabatic capillary tubes for isobutene flow. Because of in literature most of the correlations calculation were not 

capable to predict mass flow rate for non-choked in two phase flow at inlet operation condition. Therefore, in their 

study the basis data found through homogeneous model has been validated by experimental data in literature. Using 

ANN technique can be to calculate non-choked and choked in two phase flow at inlet operating conditions. The 

range of mass flow rate in this work was from 0 to 5 kg/h, the inlet pressure was from saturation pressure to 10 bar. 

The superheating from 0K to 30K and sub cooling was from 0.7 to 0. Václav Vinš [9] conducted the correlation of 

mass flow rate for two phases in the capillary tube. The experimental data was acquired for refrigerant R218 this 

type was used in many vapor cooling systems for example in different particle detectors. Mass flow rate analytical 

correlation for refrigerant R218 was derived by dimensionless parameters using Buckingham p-theorem approach. 

The author was compared between Two approaches the first one was conventional power law and the second one 

was correlation determined using ANN method. It was found that the ANN method can be utilized for approximating 

estimation of refrigerant mass flow rate for different refrigerants.  
  

MATHEMATICAL MODEL 
In order to analysis the model of capillary tube, some assumptions have been considered in the present 

study. Those assumptions are constant mass flow rate through the capillary tube, constant cross-sectional area along 

length of the capillary tube and adiabatic capillary tube. 

                                   
 

 

At steady state, since the mass flow rate (W) was assumed to be constant therefore the mass flow equation 

can be written as shown in equation (1).  
 

                          𝑊 = (
𝑉1∗𝐴

υ1
) = (

𝑉2∗𝐴

υ2
)                                                             (1) 

 

and (𝑊/𝐴) will be constant throughout the length of the capillary tube. Since an adiabatic condition was assumed in 

the capillary tube, then an energy equation can be written as shown in Equation (2), for a flow process.  
 

1000 ∗ ℎ1 + (
𝑉1

2
)

2

= 1000 ∗ ℎ2 + (
𝑉2

2
)

2

                                               (2) 

Figure 1. Schematic diagram of fluid flowing within the capillary tube 
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While the momentum equation is given by equation (3).  
  

[(𝑃1 − 𝑃2) − 𝑓 (
∆𝐿∗𝑉2∗2υ

𝑑
)] = 𝑊 ∗ (𝑉2 − 𝑉1)                                            (3) 

Though, the enthalpy remains constant as a result of continuous flow of refrigerant (adiabatic situation) but 

there will be a progressive decrease in pressure. This results in refrigerant becoming tow-phase and hence the quality 

increases with capillary tube length. The enthalpy and humid volume depend on the dryness fraction (x). the required 

equations are given in Equation (4) and Equation (5), respectively. 
 

ℎ = (1 − 𝑋) ∗ ℎ𝑓 + 𝑋 ∗ ℎ𝑔                                                            (4) 

 

υ = (1 − 𝑋) ∗ υ𝑓 + 𝑋 ∗ υ𝑔                                                            (5) 
 

in equation (3) V, υ and 𝑓 all change as the refrigerant flows from point 1 to point 2, but some simplification results 

from equation 1, which shows that (V/ υ) is constant so that: 
 

𝑓 (
∆𝐿

𝑑
) (

𝑉2

2𝑣
) = 𝑓 (

∆𝐿

𝑑
) (

𝑣

2
) (

𝑤

𝑎
 )                                                          (6) 

 

The velocity in equation 6 will be the mean velocity as shown: 
 

𝑉𝑚 =
(𝑉1−𝑉2)

2
                                                                         (7) 

 

The friction factor depends on Reynolds number and for Reynolds numbers in the lower range of the 

turbulent region an applicable equation for the friction factor is: 
 

  𝑓 =
0.33

𝑅𝑒0.25 =
0.33

(
V×𝑑

𝜇×𝑣
)

0.25                                                                   (8) 

 

The viscosity of the two-phase refrigerant at a given position in the tube is a function of the vapor fraction 

(𝑥): 

μ = (1 − 𝑥) ∗ 𝜇f + 𝑥 ∗ 𝜇g                                                                (9) 

 

The mean friction factor (fm) applicable to the increment of length 1-2 is: 
 

 fm =
(f1−f2)

2
                                                                         (10) 

 

By combining of Equation (1) and Equation (2) we get: 
 

 1000ℎ2 + (
𝑣2

2

2(
𝐴

𝑊
)

2) = 1000ℎ1 + (
𝑉1

2

2
)                                                   (11) 

Substitute Eqs. (4) and (5) in to Equation (11) 

 

∴ ℎ2 = (1 − 𝑋) ∗ ℎ𝑓2 + 𝑋 ∗ ℎ𝑔2  

υ2 = (1 − 𝑋) ∗ υ𝑓2 + 𝑋 ∗ υ𝑔2 

1000 ∗ ℎ1 + (
𝑉1

2
)

2

= 1000 ∗ [(1 − 𝑋) ∗ ℎ𝑓2 + 𝑋 ∗ ℎ𝑔2] + (
(

𝑊 υ2

𝐴
)

2
)

2

 

1000 ∗ ℎ1 + (
𝑉1

2
)

2

= 1000 ∗ [(1 − 𝑋) ∗ ℎ𝑓2 + 𝑋 ∗ ℎ𝑔2] + (
𝑊

2𝐴
)

2

(υ2)2 

1000 ∗ ℎ1 + (
𝑉1

2
)

2

= 1000 ∗ [(1 − 𝑋) ∗ ℎ𝑓2 + 𝑋 ∗ ℎ𝑔2] + (
𝑊

2𝐴
)

2

((1 − 𝑋) ∗ υ𝑓2 + 𝑋 ∗ υ𝑔2)

2

 

1000 ∗ ℎ1 + (
𝑉1

2
)

2

= 1000ℎ𝑓2 − 1000𝑋ℎ𝑓2 + 1000𝑋ℎ𝑔2 + (
𝑊

2𝐴
)

2

(υ𝑓2 − 𝑋υ𝑓2 + 𝑋 ∗ υ𝑔2)

2

 

1000 ∗ ℎ1 + (
𝑉1

2
)

2

= 1000ℎ𝑓2 + 1000𝑋(ℎ𝑔2 − ℎ𝑓2) + (
𝑊

2𝐴
)

2

(υ𝑓2 + 𝑋(υ𝑔2 − υ𝑓2))
2

               (12) 
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Now everything in Equation (12) is known except (𝑥), which can be solved by the quadratic equation: 
  

𝑥 = b + (
(b2−4𝑎𝑐)

1
2

2𝑎
)                                                                 (13) 

 

where, 
 

𝑎 = (𝑣g2 − 𝑣f2)2 (
𝑊

𝐴
)

2

∗ (
1

2
)                                                           (14) 

  

b = 1000(hg2 − hf2) + 𝑣f2(𝑣g2 − 𝑣f2) (
𝑊

𝐴
)

2

                                            (15)                      
 

 

c = 1000(hf2 − h2) +
1

2
∗ 𝑣f2 (

𝑊

𝐴
)

2

− (
𝑣1

2

2
)                                              (16)                      

 

With the value of (𝑥) known ℎ2, 𝑣2 and 𝑉2 can be computed. Compute the Reynolds number at point (2) 

using the viscosity from Equation (9). The friction factor at point (2) from equation 8 and the mean friction factor for 

the increment from equation 10. Finally, by substituting Equation 6 and Equation 7 in Equation 3 we get ΔL. 
 

ARTIFICIAL NEURAL NETWORK (ANN) METHOD  
Recently, the artificial neural network has been widely applied in different field of engineering and it 

produces promising preliminary outcomes [10], due to the rapidly development in digital computers. Using ANN 

method for different applications are developing at a high impressive rate. The latter method is a computational 

technique inspired through the brain performance and systems of nervous in biological organisms. The ANN is 

presented in figure to show its terminology and basic structure. It can be shown from the figure this method consists 
of simple part named neurons in three main types of layers the first one is input layer and second one is hidden layer 

and finally output layer. Normally, each neuron in this network receives inputs from another neuron. There are two 

important types of statistical features in this method such as mean squared error and squared correlation coefficient. 

The statistical parameter squared correlation coefficient (R2) is more used in arbitrating regression equations [11]. 
 

 
Figure 2. Typical artificial neural network method schematic diagram. The ANN has three different types of layers 

including input layer, hidden, and output layers  
 

RESULT AND DISCUSSION 
The diameters mutation and flow rates for liquid of refrigeration are using in this study were under varied 

conditions as follows, using 10 kW capacity refrigeration 

1. Saturated condition of (40°C) condensing temperature  

2. Evaporation temperatures (-5°C) 
3. The ambient temperature was assumed constant at (35°C) 

4. Using liquid of refrigeration (R-22) 

5. Varied the diameters of capillary tube (d =1.53, 1.58 and 1.63mm) 

6. Varied flow rates for liquid of refrigeration (10, 12 and 14g/s) 
 

Validation 
The current numerical model is validated against the results of temperature and pressure of refrigerant (R-

22) along the capillary tub reported from literature [12]. Figure 3 shown the variation of (a) the refrigerant 

temperature along the capillary tube and (b) the variation of the refrigerant pressure along the length of capillary tube 

at the same boundary conditions. The boundary conditions were condensing temperature 26°C evaporation 

temperature -7°C, mass flow rate of refrigeration 15g/s and inner diameter of 2.16mm. The results have been shown 

a very good agreement between the present theoretical results and the experimental results, the length of capillary 

tube in the experimental case is (2.223m) while in the theoretical case it is (2.1329m) with most extreme deviation of 
4%.      
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(a) 

 
(b) 

Figure 3. Validation of (a) refrigerant temperature and (b) refrigerant pressure along the capillary tube 
 

Simulation Results 
The effects of the physical properties of the refrigerant inside the capillary tube were studied for different 

diameters and mass flow rates. The studied properties include (pressure, temperature, velocity and the dryness 

index). 
 

The Impact of Diameter 
Figure 4, Figure 5 and Figure 6 show the variation capillary tube length for the refrigerant pressure, velocity 

of refrigerant and dryness index respectively at variables inner diameter. It can be clearly seen from Figure 4 that the 

change in capillary tube diameter has not effect on the refrigerant pressure within the capillary tube. Whiles, increase 

the diameter of capillary tube that lead to decrease of refrigerant velocity for percentage (5.4%) when percentage 

reduce of diameter is (3%) as shown in Figure 5. Furthermore, Figure 6 shows that increase the diameter of capillary 

tube with percentage (3%) leads decrease the dryness factor with percentage (1.2%). In addition, it can be clearly 

seen from all figures (Figure 4, Figure 5 and Figure 6) that increase the diameter of capillary tube leads to increase in 
capillary tube length. Increases diameter from (1.58mm to 1.63mm) gives increment length about (0.25m). it can be 

say that percentage increases for diameter (3%) leads to percentage increase length (16%). It can be concluded that 

the diameter of capillary tube has effect on the length of capillary tube. 
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Figure 4. Refrigerant pressure variation along capillary tube length for variables diameter of capillary tube 

 
Figure 5. Refrigerant velocity distribution along capillary tube length for variables diameter of capillary tube 

 
 

 
Figure 6. Dryness index of refrigerant within the along capillary tube length for variables diameter of capillary tube 
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The Impact of Mass Flow Rate  

The variation of the refrigerant pressure, velocity of refrigerant and dryness index along the length the 

capillary tube at variables of mass flow rate show in Figure 7, Figure 8 and Figure 9. It can be clearly seen from 

Figure 7 that the change in mass flow rate of refrigerant has not effect on the refrigerant pressure within the capillary 

tube. Whiles, increase the mass flow rate lead to increase of refrigerant velocity for percentage (15%) when 

percentage reduce of diameter is (14%) as shown in Figure 8. Furthermore, Figure 9 shows that change in the mass 

flow rate has not effect on the dryness factor. In addition, it can be clearly seen from all figures (Figure 7, Figure 8 

and Figure 9) that increase the mass flow rate leads to decrease in capillary tube length. Because an increase the mass 

flow rate leads to increase each of friction, the specific volume, and velocity within the capillary tube. Hence, 

decrease the pressure drop that leads to decrease the length of capillary tube. Increases mass flow rate from (12g/s to 

14g/s) gives decrease in length about (0.7m).  It can be say that percentage increases for mass flow rater (15%) leads 

to percentage decrease length (33%). It can be concluded that the mass flow rate of the refrigerant has effect on the 

length of capillary tube. 
 

 
Figure 7. Refrigerant pressure variation along capillary tube length for variables mass flow rate  

 

 
Figure 8. Refrigerant velocity distribution along capillary tube length for variables mass flow rate  
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Figure 9. Dryness index of refrigerant within the along capillary tube length for variables mass flow rate 
 

The Artificial Neural Network (ANN) 

In this work, an ANN technique to predict of flow behavior of refrigerant within the capillary tube was put 

to test. Thus, in this investigation the calculation attained data set have been used. Figure 10 depicts the designed 

learning process of the Artificial Neural Network (ANN) respect to the time evolution. It can be seen that when 

repeated epochs the value of MSE monotonically decreases for all results such as test, training, and validation data. It 

can be seen that the mean square error does not change with number of elements (epochs number) that mean no more 

value of training data is needed. Moreover, a neural network is stopped training when the error, i.e., the difference 

between the desired output and the expected output is below some threshold value or the number of iterations or 

epochs is above some threshold value Also, the proposed Artificial Neural Network has a good performance in 

predicting and modeling the capillary tube and the percentage error was about 5% as shown in Figure 11. 
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Figure 10. Shows MSE value against the epochs number for test data, training data, and validation data  

using ANN technique 
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CONCLUSION  
The effects of various parameters, such as diameter of capillary tube and mass flow rate of refrigerant have 

been investigated numerically. It can be concluded the following: 

1- When is the diameter of capillary tube is constant and increase mass flow rate of refrigerant that lead to: 

 Decrease in capillary tube length for example increase the mass flow rate of refrigerant for percentage (9%) 

that lead the capillary tube length will be decrease for percentage (18.5%). 

 No change for the dryness index. 

 Increase in the Refrigerant velocity for percentage (8.3%). 

2-  When mass flow rate of refrigerant is constant and increase diameter of capillary tube that lead to: 

 Increase in capillary tube length for example increase the percentage (3.16%) that lead the capillary tube 

length will be increase for percentage (15%) 

 Decrease for the dryness index for percentage (3%) 

 Decrease in the Refrigerant velocity for percentage (5.4%). 

3-  Using ANN technique for studying the effect of capillary tube diameter and mass flow rate on the length of 

capillary shown that this technique has a good performance in predicting and modeling the capillary tube. Moreover, 

the percentage error using latter technique was around 5%.     
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NOMENCLATURE  
A                          Cross section area of capillary tube, m2 

d                           Inner diameter of tube capillary tube, m 

f                            Friction factor, dimensionless 

h                           Enthalpy, kJ/kg 

ΔL                        Length of increment, m 

k                           Thermal conductivity, W/m oC 

P                           Pressure, ps 

Re                         Reynolds number, dimensionless 
V                          Velocity of refrigerant, m/s 

W                         Mass flow rate, kg/s 

X                          Dryness fraction, dimensionless 
              
Greek symbols 

υ                         Specific volume, m³/kg 

μ                       Viscosity, Pa*S 

Figure 11. The percentage error for output target using ANN technique 
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Subscripts  

1                         Inlet 

2                         Outlet 

f                          Liquid 

g                         Vapor 

m                        Mean 
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