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Abstract: Vapor compression refrigeration system is substantial 

to human comfort and needs that contributes to the progress 
mainly in agriculture, food preservation and in medical 
application. One of the applications that this study focused on is 
the study of the choke points in mini expansion device for the 
development of portable vaccine carrier kit. This study utilized a 
vapor compression refrigeration system, and aims to improve the 
system operation of a small-scale vapor compression refrigeration 
system by using spirally-arranged capillary tubes with five(5) 
different hydraulic diameters, namely; 0.20mm, 0.25mm, 0.30mm, 
0.35mm and 0.40mm. A 1/8 horsepower vapor compression 
refrigeration system of a water dispenser is used as an 
experimental rig that supply the required refrigerant flow on the 
spirally- arranged expansion device. Guitar strings are used to 
reduce the hydraulic diameter of the commercially available 
capillary tubes. With the inserted guitar strings, the five(5) 
different hydraulic diameters in this study would be connected to 
the experimental rig. The data gathering method is developed by 
using a data logger and the fabricated spirally-arranged capillary 
tubes connected to the experimental rig. The determination of its 
lengths of choke point and the behavior of the pressure drop is 
measured during the different trials used for every hydraulic 
diameter of the spirally-arranged capillary tube. The 
mathematical equation that correlates the hydraulic diameters of 
the capillary tubes and their corresponding choke points is 
represented by the equation  y = -1,836.0x2 + 2,319.0x-1 - 1.7860, 
where y is the distance of the capillary tube choke point and x is 
the hydraulic diameter of the fabricated spirally-arranged 
capillary tubes. This equation correlates the hydraulic diameter of 
a capillary tube to its corresponding choke point length with a 
value of R2 = 0.9947. 
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I. INTRODUCTION 

The cooling system imparts a big contribution to society. It 
is mainly used for comfort, health, preservation, 
manufacture, and other industrial resources. Since cooling 
systems are utilized in various fields, it also varies from its 
functions, size, and design from large to small scale vapor 
compression systems. One of its field applications is on 
medical purposes, which primarily stores medical items such 
as vaccines.  

Vaccine carriers are used for keeping vaccines temperature 
of around 8oC during transportation period. It has a smaller 
volume that is suitable for the use of health workers during 
immunization campaigns and outreached services. Moreover, 
vaccine carrier utilizes the commercial refrigeration unit 
system for medical purposes. This study focuses on the 
behavior of the expansion device of the vaccine carrier in 
accordance with its pressure drop and choke point. 

The expansion device regulates the refrigerant flow from 
high-pressure side to the low-pressure side of the 
refrigeration system. The saturation temperature drop is 
caused by the pressure drop, which enables it to boil off at the 
low temperature of the evaporator. Thus, the mass flow rate 
of the refrigerant is dependent to the pressure drop in the 
expansion device[1].  

In addition, capillary tubes can be made of straight, helical 
or spirally-coiled, and also serpentine coiled, but this study 
focuses on the spirally-arranged capillary tubes. Hence, it can 
be accommodated in a small space which is suitable for a 
mini vaccine carrier. It effectively reduces the mass flow rate 
at a higher percentage compared to straight capillary tubes 
operating under similar conditions.  

In this study, the behavior of the expansion device, 
specifically, the spirally-arranged capillary tube, in a mini 
vaccine carrier is the main focus. The behaviors shall be 
observed by setting spirally-arranged capillary tubes with 
different diameters in order to evaluate the effect of pressure 
drops and in line with the advancement of mini vapor 
compression systems. 

To improve the data or system analysis of a refrigeration 
system in the development of a portable vaccine carrier 
kit[12], a spiral-arranged capillary tube with different 
diameters are to be used. 

A. Specific Objectives 

i. To fabricate the five (5) spiral capillary tubes – 0.20 
Ømm, 0.25 Ømm, 0.30 Ømm, 0.35 Ømm, and 0.40 
Ømm. The symbol, Ø, denotes hydraulic diameter. 
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ii. To fabricate the experimental rig for the design of a 
vaccine carrier kit and install the five(5)spirally- 
arranged capillary tubes with different hydraulic 
diameters. 

iii. To correlate the relationship between the diameter 
and 

the  lengths of the capillary tube with their respective 
choke points. 

iv. To develop a mathematical model equation using the 
correlation of the hydraulic diameter and the lengths 
of choke point in a spirally-arranged capillary tube. 

B. Significance of the study 

The findings of this study will contribute to the benefit of 
the society, considering that mini vaccine carriers play a 
significant role in medical areas by storing vaccines and other 
temperature- sensible medical items. The conditions require 
the need for an efficient vaccine carrier kit design and 
development. Thus, the authors aim to study the behavior of a 
spirally-arranged mini capillary tube, with different hydraulic 
diameters and for the use in a mini vaccine carrier. In order to 
understand thoroughly the correlation between the proposed 
hydraulic diameters and the lengths of the choke point, an 
experimental rig is fabricated in order to measure the 
different thermodynamic parameters of the expansion device. 
Thus, the results may be used as basis for designing an 
expansion device for a small-scale refrigeration system, such 
as in mini vaccine carrier kit.  

C. Scope and limitations 

The scope of the study covers only the measurement of the 
lengths of choke point of the fabricated spirally-arranged 
capillary tubes, in a refrigeration system of a mini vaccine 
carrier kit. Also, to create a mathematical model equation of 
the correlation between the capillary tubes’ hydraulic 

diameters and the lengths of the choke point. 
Furthermore, the study is limited only with the available 

tools and instruments in the Mechanical Engineering 
Laboratory Complex of Xavier University – Ateneo de 
Cagayan, Cagayan de Oro City, Philippines. 

D. Theoretical framework 

 
Fig. 1. Theoretical framework 

II.  METHODOLOGY 

This section is about the processes and methods on how the 
study is conducted and performed. This includes the 
equipment and materials being used and the project design of 
the research study. The methods in fabrication are also 
discussed and described in this section. 

A. Research design 

The study was centered in obtaining the lengths of the 
choke point of the spirally-arranged capillary tubes and the 
behavior of pressure drops on the different capillary tubes. 
The main purpose of this, is for the development of the mini 
vapor compression system[2] and the mini vaccine carrier kit. 

  The procedures and the design that are necessary for the 
study are formulated below.  
 

 
Fig. 2. Research design 

 
In the design of the vaccine carrier kit, calculations were 

done such as the dimension and the lengths of the choke point 
of the refrigeration system. Computer aided drafting is used 
in the design of the casing. The casing was joined and 
assembled using rivets. A specific sample size of a vaccine 
bottle is used as a model for the dimension of the vaccine 
compartment. 

The vapor compression refrigeration system is a modified 
design compared to the usual conventional system. This 
feature is necessary for the objectives to be achieved on time. 
A by-pass line for the capillary tubes, with gate valves, were 
added to the main system as shown in Fig.3. 
 

 
Fig.3. Experimental rig diagram 
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In the fabrication of the different capillary tubes, the 
proper coiling of the capillary tube is necessary to attain a 
favorable result. Also, the use of the proper guitar string sizes 
that will be inserted inside the capillary tube is necessary. A 
fabricated copper “T’s” are used to connect the capillary tube 

to the line of the pressure gauges. After the connection is 
arranged, soldering process using oxygen acetylene welding 
and silver rod is done. 

B. Research process flow 

There are four major components in the mini vapor 
compression refrigeration cycle namely, the compressor, the 
condenser, the expansion valve and the evaporator. These 
four components are used in the fabrication and will be the 
measuring platform in conducting the experiment on the 
pressure drop data, the lengths of the choke point on the 
system, and the basis for the values for Energy Efficiency 
Ratio(EER) and the Coefficient of Performance(COP)[2]. 

The first stage of the study is the design of the vaccine 
carrier kit. This covers the dimensions of the case, the size of 
the storage and the calculation of the heat load of the vaccine 
carrier kit. The major parts of the vapor compression 
refrigeration system were also acquired for the assembly of 
the experimental rig[3]. The necessary materials were 
prepared, including the fabrication of the experimental rig 
and the capillary tubes with inserted guitar strings. 

C. Equipment and materials used 

The equipment and materials that are present in the study 
are the R-134a Hermetic type compressor, 3/16 " Condenser 
copper tubes, copper filter dryer, 1/8hp Capillary tubes, 1/4 " 
Evaporator copper tubes, gate valves, flow meter, and 
pressure gauges. 

The R-134a Hermetic type compressor used in the study 
is taken from an old water dispenser. The compressor was 
first tested to determine if it is still functioning and have no 
defects for the fabricated refrigeration system. The 
fabrication of the whole system was cautiously done since the 
disadvantage of a hermetic compressor is that, it cannot be 
repaired. If the compressor fails due to mishandling or other 
factors, then the compressor must be replaced with a new 
model. However, the main advantage of a hermetic 
compressor is that it is sealed in a welded steel casing, so 
chances of gas leakages are almost impossible to occur[4]. 
 The condenser copper tubes with 3/16" size is based on the 
original condenser of the water dispenser. The length and 
sizes also follows the original assembly of the compressor of 
the water dispenser. These dimensions are the most suitable 
design for the compressor. The researchers fabricated the 
same dimensions for the condenser with a new material but 
with a different wiring plot. The same idea is done in 
determining the dimensions of the designed evaporator. The 
evaporator copper tubes of 1/4 " size and length were based 
on the original dimensions of the water dispenser being used. 

The filter drier is also made of copper and is suitable for 
the refrigerant R-134a. This kind of copper filter drier is used 
in various refrigeration unit. It has three orifices which is 
used for evacuation and charging of the refrigerant. 
 The capillary tube in the system uses a 1/8hp capillary 
tubes. This category determines that the capillary tubes are 
for 1/8 horsepower compressors, which is the original name 
plate rating of the compressor being used. The length of the 
capillary tube is based on the length increment of the choke 
point. There are two passes of the capillary tubes, one is the 

main pass and the second one is the experimental capillary 
pass. The second passage is where the fabricated capillary 
tubes are attached with the flow meter to determine the 
lengths of the choking point of the system. The hydraulic 
diameters of the capillary tubes are, 0.20 Ømm, 0.25 Ømm, 
0.30 Ømm, 0.35 Ømm, and 0.40 Ømm capillary tubes. 

The gate valves that are used in the mini refrigeration 
system are connected at the end extension branch for the 
connection of the experimental capillary tubes. This gate 
valves holds the bypass of the refrigerant passing at the main 
capillary tube and the experimental capillary tubes. There are 
three(3) gate valves in the system, one(1) is attached to the 
inlet of the main capillary, and the other two(2) is located on 
the inlet and outlet of the experimental capillary tubes. 

The flow meter is attached to the system, consists of one 
unit only, and attached at the end of the spiral capillary tube. 
When the flow meter of the capillary tube indicates zero or no 
refrigerant flow, then the system achieved the choking point 
of refrigeration system.  
 The pressure gauges that are attached to the system consist 
of six(6) units. Two pressure gauges are on the high side(red) 
of the system and the other four are located on low side(blue) 
of the system. One high side gauge is attached and on low 
side gauge is attached the main refrigeration system. The 
other four(4) gauges are attached to the fabricated 
experimental capillary tubes. The extra one(1) high side 
gauge is attached at the inlet of the capillary tube, another on 
attached after the filter drier, another two(2) extra low side 
gauges in between the sections of the capillary tube and 
one(1) extra low side gauge at the outlet of the capillary tube. 
This provides four(4) pressure readings in every capillary 
tube experimental test rig[5]. 
 The thermostat in the system is attached to the compressor. 
The purpose of the thermostat is for the regulation of the 
operating temperature of the refrigerant on the compressor. 
 The casing of the mini vapor compression system is made 
of galvanized steel grade 00. The sheets are joined with rivets 
at the edges. The whole casing has a dimension of 12" × 8" × 
15 inches as shown in Fig.4. The inside compartment is about 
6 inches in diameter and 4.3  inches in height. 
 

 
Fig. 4. Casing for the portable vaccine kit 

D. Fabrication of the experimental rig 

The first step of the fabrication is the assembly of the 
casing. The casing was designed in a rectangular prism just 
like the commercial vaccine carrier kit that is used in health 
centers.  
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The dimensions are considered to fit the major components 
of a refrigeration system and to fit other components needed 
such as, pressure gauges and custom connections. These 
components are the measuring device used to gather the data. 

The casing of the system uses galvanize steel plate and 
riveted to fix the parts.  

The first component to be attached to the system is the 
compressor. The compressor is the heart of the refrigeration 
system and need to be placed first because of its size and 
weight.  

After the compressor, the condenser is inserted to its line in 
the system[10]. The same way is done to the evaporator. 
Two(2) pressure gauges are attached, one on the high side 
pressure and another in the low side pressure. MAPP gas and 
silver rod is used to connect the copper tubes for the 
refrigeration system. Three gate valves are attached to the 
system, the purpose of the first one is for the main capillary 
tube, and the two other is for the experimental capillary tube. 
After the assembly, the system is charged with 
tetraflouroethane refrigerant and uses soap to test for the 
leakage of the system. After a successful leak test, the system 
is ready for the experimentation of capillary tubes. 

 

 
Fig. 5. Spiral coil of capillary tube 

 
The first step in fabrication of the spiral capillary tube is the 

coiling of the copper tubes as shown in Fig.5. The use of a 
cylindrical object is necessary to attain perfect coil. A careful 
work is needed on this part, so that the diameter of the coils 
will not vary. The variation of the coils diameter may affect 
the data gathering of the experiment rig. After the coiling of 
the copper tubes, is the insertion of the guitar strings inside 
the capillary tube. Proper number of strings is considered to 
achieve the desired diameter of capillary tubes. A knife and a 
long nose plier are used in cutting the capillary tube.  Next 
step, is the fabrication of “T” connections. The drill bit tool is 
used in making a hole on one side of the copper tube, and 
inserting the other copper tube in upright direction, forming a 
“T”[6]. It is then soldered using MAPP gas and silver rod. 

Copper tubes with ¼ size are also needed in the fabrication 
since, it is attached to the ¼ flare nut. A total of five(5) flare 
nuts and one compression nut is attached to a single different 
size capillary tube. 

III. EXPERIMENTAL 

In designing the vapor compression refrigeration system, 
calculations are made using the appropriate engineering 
design formula. This includes the analysis of basic vapor 
compression refrigeration cycle that are plotted in the 
temperature - entropy diagram and pressure - enthalpy 
diagram. Property conditions are set to conceptualize in 
designing a refrigeration system. The evaporator temperature 
should be higher than the ambient temperature, which the 
authors designed around 45° Celsius. The evaporator 
temperature is the temperature requirement in order to 
remove heat from the confined space, or in the designed 
vaccine compartment[12]. The refrigerant being used is 
R-134a having a chemical name of tetrafluoroethane, as it is 
among the best refrigerant today. Tetraflouroethane 
refrigerant is harmless, available in the market and has an 
insignificant ozone depletion potential. 

In the compressor inlet (State 1), the properties to be 
considered for the refrigerant is 2 oCelsius temperature and is 
saturated vapor. In continuing the calculation using R-134a 
property tables and chart, the values of pressure (314.44 kPa), 
enthalpy (251.622 kJ/kg), and entropy (0.93 kJ/Kg-K) are 
obtained. 

 

 
Fig. 6. Fabricated experimental rig. 

 
The condenser outlet (State 3) properties are 45 o Celsius 

temperature and saturated liquid. Using property tables and 
chart again, the following properties of pressure (1162.32 
kPa) and enthalpy (115.84 kJ/kg) are obtained. 

In the State 4 of the system, the inlet of the evaporator, is a 
saturated liquid-vapor mixture. The enthalpy of this state is 
equal to the enthalpy of State 3, which is 115.84 kJ/kg. In the 
inlet of the condenser (State 2), the properties present is 
entropy, which is equal to State 1 (0.93 kJ/kg-K), and 
pressure equal with State 3 (1162.32 kPa). Using a chart. The 
enthalpy of this state is obtained, which is approximately 280 
kJ/kg. Acquiring all the enthalpy of each state proceeds to the 
calculation of the compressor work and Coefficient of 
Performance (COP) of the system. 

A. Data collection procedures 

The data will be gathered for 6 hours with 75 minutes for 
each capillary tube with an interval of 30 seconds[7,8]. The 
study needs at least 15 trials to get a more accurate result.  
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Pressure gauges and thermocouples are used to measure 
the thermodynamic properties in the experimental rig as 
shown  in Fig.6. The data will be gathered in conformation 
with the authors’ testing procedures; 

1. Before starting the whole system, make sure that the 
globe valve to the main capillary tube is open. 

2. Make sure that all the elements used for the 
experimental capillary tubes are tightened to avoid the 
refrigerant flow. 

3. After all other conditions are checked, start up the 
system and let it run for 10 minutes before gathering 
the data. This is to create a stable pressure inside the 
system. 

4. After 5 minutes passing and on 10 minutes mark, start 
to take the reading of the flow meter. If the reading in 
flow meter indicates a zero value, then adjust the 
length of the capillary tube. 

5. In adjusting the value of the spiral capillary tube, a 1 
cm increment is used. Using a long nose plier, cut the 
said increment from the experimental capillary tube. 

6. Attach the adjusted capillary tube back to the system 
using a MAPP gas and a silver rod. 

7. Repeat process 3 until you acquire a non-zero flow 
meter reading. 

8. Record the length of the spiral capillary tube as soon 
as you attain the non-zero flow on the flow meter. 

9. Start to take the reading in the pressure gauges, 
starting from the high side pressure gauge to the low 
side pressure gauge. These readings will be annotated 
as P1, P2, P3, and P4 respectively. 

10. The data will be gathered every 5 minutes interval, up 
to 15 trials, the system will be running for about 75 
minutes at 30 seconds interval in the data logger for 
one diameter of a capillary tube. This procedure will 
be repeated with the other sizes of capillary 
tubes[9,11]. 

11. After 15 trials of testing with the capillary tubes. Turn 
off the system and wait for it to stabilize by observing 
the main pressure gauges. 

12. After all the system is stabilize, detached the 
experimental capillary tube and replace with another 
different size. Leaks happen at this part so charging it 
with refrigerant is needed. 

13. Repeat the whole procedure for the next sets of 
capillary tubes. 

IV. RESULT AND DISCUSSION 

In this section, the calculations, experimental data and the 
result are presented. The theoretical values and actual values 
are analyzed and discussed. This section also includes 
answers of the objectives of the study. 

The measurement of the lengths of the choke point of the 
mini expansion device for the development of a portable 
vaccine carrier, spirally-arranged capillary tubes with 
different diameters are being used. 

In improving the data analysis for the study, every 
hydraulic diameter and its thermodynamic properties are 
determined. In the experiment of 0.2 Ø mm capillary tube, the 
following tabulated result is obtained with the measured 
values shown in Table 1. 

 
 
 

Table 1. Temperature and pressure drop for d = 0.4mm 

 
The pressure drop of the 0.40 mm capillary tube shows that 

the maximum pressure drop reaches 9.30 bar. The flow rate 
shows that the length of the capillary tube reaches 558mm. 
The table also shows that the flow rate of the 0.40 mm 
decreases as the length of the capillary tube is increased. 
 

Table 2. Percentage error 

 
1.To fabricate the five (5) spiral capillary tubes – 0.20 

Ømm, 0.25 Ømm, 0.30 Ømm, 0.35 Ømm, and 0.40 Ømm. 
The symbol, Ø, denotes hydraulic diameter. 

The fabrication of the capillary tubes with different 
hydraulic diameters was the most challenging part. The 
guitar string insertion required a careful act because if the 
string is accidentally bent, the crease will no longer be 
healed. A different string should be replaced if such action 
occurs. Also, insertion of multiple strings is a difficult task 
because guitar strings tends to stuck if it is not done in a 
right way. 

Another challenging part in the fabrication is soldering of 
the copper tubes and to attach the incremental length needed 
for fabrication. Despite the challenges, the problems were 
solved and the capillary tubes were successfully fabricated. 
2.To fabricate the experimental rig for the design of a 

vaccine carrier kit and install the five(5) spirally-arranged 
capillary tubes with different hydraulic diameters. 

The design of the measuring platform is a basic 
refrigeration system which is installed in a vaccine carrier 
case design. The design is inspired by a vaccine carrier used 
in health centers for rural areas, with a rectangular prism 
body. The installation of the capillary tubes in the system is 
on alternate or take turn basis. The first capillary tube will be 
installed, after doing the experiment, it will be removed and 
replaced with another experimental capillary tube. This kind 
of installation for the measuring platform is designed to attain 
the compactness of the system and can be installed in the 
mini vaccine case. 

Thus, the fabrication design of the measuring platform 
installed in a vaccine carrier is completed.  

3.To correlate the relationship between the hydraulic 
diameter and the length of the capillary tube and their 
respective choke point. 
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In correlating the relationship between the hydraulic 
diameter and the length of the choke point on the capillary 
tube, a graph is made to visualize the data and an equation is 
formulated to further enhance the understanding of the curve. 

The line shows that the flow rate in terms to the length of 
the 0.20mmØ capillary tube is equal to y =  0.0048x2 - 
3.3768x + 602.12, where x is the length of the capillary tube 
choke point and its R2 is equal -0.979 which means that the 
data is strongly correlated.  

 
The graph also shows that as the length of the capillary 

tube increases, the flow rate inside the capillary tube 
approaches to zero. The empirical length of the choke point is 
calculated with the equation above is 393.15cm. For a length 
of choke point of 359cm, the percent error is 9.51%. 

 
Table 3. Temperature and pressure drop for d = 0.20 mm 

 
 

4.To develop a mathematical model using the correlation of 
the hydraulic diameters and the length of the choke points in 
a spirally-arranged capillary tubes. 

The mathematical equation that correlates the hydraulic 
diameters of the capillary tubes and their corresponding 
choke points is represented by the equation as y = -1,836.0x2 
+ 2,319.0x-1 - 1.7860, where y is the length of the capillary 
tube and x is the hydraulic diameter of the fabricated 
capillary tubes. This equation correlates the diameter of a 
capillary tube to its corresponding choke point length with a 
value of R2 = 0.9947. 

 

 
Fig. 7. Hydraulic diameter vs. choke point length in mm 

 
Based from the generated equation of the linear 

correlation for the length of the capillary tube choke point 
and its corresponding flow for each diameter, a matrix can be 
formulated as, 
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Where D is the hydraulic diameter of the capillary tube, 
therefore a general matrix is; 
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V. CONCLUSION 

The overall result of the experiment shows that the 
pressure drop from the capillary tubes of 0.2 Ømm, 0.25 
Ømm, 0.3 Ømm, 0.35 Ømm, and 0.4 Ømm is dependent on 
the length and diameter of the capillary tube. The longer the 
length of the capillary tube, the higher the pressure drop, and 
in theoretical relationship, the lower the flow rate.  

The authors also concluded that the bigger the diameter of 
the capillary tube, the longer the length to achieve the choke 
point. By curve fitting, the condition will be expressed as an 
empirical equation, y  =  - 1,836.0x2  +  2,319.0x-1  -  1.7860, 
where y is the length of the capillary tube and x is the 
hydraulic  diameter of the capillary tube. 
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