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ABSTRACT
Capillary tube is one of the commonly used throttling devices in the refrigeration and the air conditioning systems.
The capillary tube is made up of copper tube of very small internal diameter. It is of very long length and it is
helically coiled to several turns so that it occupies less space. The internal diameter of the capillary tube used for the
refrigeration applications varies from 0.5 to 2.28 mm (0.020 to 0.09 inches). Capillary tube used as the Expansion
device in the refrigerators, deep freezers, water coolers and air conditioners. The objective of this research is to
determine the optimal dimensions of capillary tube in a Vapour Compression Refrigeration system (VCRS) and the
Pressure drop across the capillary tube. The optimal dimensions are calculated theoretical using analytical approach.

I.  INTRODUCTION

Expansion device is also known as throttling device is an important device that divides the high pressure side and
the low pressure side of a refrigerating system. It is connected between the receiver and the evaporator. The
expansion device performs the following function. It reduces the high pressure liquid refrigerant to low pressure
liquid refrigerant before being fed to the evaporator. It maintains the desired pressure difference between the high
and low pressure side of the system, so that the liquid refrigerant vaporizes at the designed pressure in the
evaporator. It controls the flow of refrigerant according to the load on the evaporator. Figure 1 shows the types of
expansion devices used in Vapour Compression Refrigeration System.

The expansion device maintains the desired pressure difference between the high and low pressure side of the

system, so that the liquid refrigerant vaporizes at the designed pressure in the evaporator. It controls the flow of
refrigerant according to the load on the evaporator.
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(a) Capillary tube (b) Thermostatic expansion valve
Figure 1: Types of expansion devices used in Vapour Compression Refrigeration System

Figure 2(a) shows four basic elements of a vapour compression refrigeration system. Quantities QH and QL are the
amount of heat transferred in the
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condenser and evaporator respectively. Figure 2(b) shows four salient points (1-2-3-4) of a cycle on a pressure-
enthalpy diagram.

The process 3-4 stands for isenthalpic expansion of refrigerant with zero degree of sub cooling at the entry to the
capillary tube. Normally in an ideal VCRS, the refrigerant entering the compressor must have some degree of
superheat, while at entry to capillary expansion device; it must have a few degree of sub cooling as compressor
cannot handle two phase fluid while capillary cannot effectively handle two phase entry. Otherwise both units will
suffer due to mal-functioning. The capillary tubes serve almost all small refrigeration systems and its applications
extend up to a capacity of order of 10 kW. Numerous combinations of bore and length are available to obtain the
desired restriction. Once a capillary tube has been selected and installed, the tube cannot adjust to variations in
suction, discharge pressures or load. The compressor and expansion device must arrive at pressure conditions which
allow the compressor to pump from the evaporator the same mass flow rate of refrigerant that the expansion device
capillary feeds to the evaporator. A condition of unbalanced flow between these two components must necessarily
be temporary. At high condensing pressures, the capillary tube feeds more refrigerant to the evaporator than it does
at low condensing pressure because of the increase in pressure difference across the tube. The compressor and
capillary tube do not have complete liberty to fix the suction pressure because the heat transfer relationships of the
evaporator must also be satisfied. Figure 3 shows the variation of mass flow rate of refrigerant with suction pressure
in typical VCRS .
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Figure 2: A Vapour Compression Refrigeration System.
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Figure 3: Variation of Mass flow rate of refrigerant with suction pressure
Il. CAPILLARY TUBES

A capillary tube is 1 to 6 m long with an inside diameter generally from 0.5 to 2 mm. The name is a
misnomer, since the bore is too large to permit capillary action. Liquid refrigerant enters the capillary tube,
and as it flows through the tube, the pressure drops because of friction and acceleration of the refrigerant.
Some of the liquid flashes into vapor as the refrigerant flows through the tube.

The disadvantages of capillary tubes are that they are not adjustable to changing load conditions, are
susceptible to clogging by foreign matter, and require the mass of refrigerant charge to be held within close
limits. This last feature has dictated that the capillary tube be used only on hermetically sealed systems,
where there is less likelihood of the refrigerant leaking out. The capillary tube is designed for one set of
operating conditions, and any change in the applied heat load or condensing temperature from design
conditions represents a decrease in operating efficiency.

1. MATHEMATICAL COMPUTATION OF PRESSURE VARAIATION IN A CAPILLARY
TUBE

The equation relating state and conditions at points 1and 2 in an elemental length of capillary tube as shown
in Figure 4 is written as follows.
1 1
-

—

Figure 4: An elemental length of a capillary tube

The fundamental equations applicable to the control volume bounded by points 1 and 2 in Figure 4 are
1. Conservation of mass
2. Conservation of energy
3. Conservation of momentum
The equation of conservation of mass states that

w =t =728 €
1% v
The conservation of energy gives
1000h, +0.5xVZ= 1000h,+0.5xV;? )
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This assumes negligible heat transfer in and out of system. The momentum equation in words states that the
difference in forces applied to the element because of drag and pressure difference on opposite ends of the element

equals that is needed to accelerate the fluid.
dL 1%
= o= x () (D)
) w (Vz -W) ) () _
As the refrigerant flows through the tube, its pressure and saturation temperature progressively drop and the

Fraction of vapor dryness continuously increases.
Enthalpy at any point
h=hs(1—x) +xhsy(4)

v=v,(1—x) +xvp, (5)

The quantities of Eq.(4) V, v and f all change as refrigerant flows from point 1 to 2. Simplifying using eg.(2)
dL V2\_ dL v w
_ fx (5) % (z__v)_f x () (_5) (%) ®
In the calculation to follow, V used in Eq.(6) will be mean velocity
Vi+V,

Vo =5 (7

The friction factor with turbulence is

_ 033 _ 033

= = 8)
Re0.25 VD 0.25 (
&)
he viscosity in two phase flow is given by
M= R (1) + X ©
The mean friction factor f;, applicable to incremental length 1-2 is
fn =5 (10)
0.33
"R
fa =z

IV. EVALUATION OF LENGTH OF CAPILLARY

The essence of the analytical calculation is to determine the length dL between points 1-2 as shown in Figure 4 for a
given reduction in saturation temperature of the refrigerant. The flow rate and other conditions at point 1 are known
and for a required selected temperature at point 2, the remaining conditions at point 2 and dL would be calculated as

fallows
1. Temperature T, selected
2. P, hf,hg,andvf,are calculated, all being function of temperature (or pressure).
3. Conservation of energy gives the

vE (w2 _ Vi
1000k, +£ (;) = 1000k, +% (11)

Substituting from Eq.4 and 5 in Eq.11
2 2
1000hf, + 1000(hg, — hfz)x+[§ x {{sz +H{WVf - VAP x (%) }] = 1000nf; + (L) (12)

where x is the quality of refrigerant
4. with known values of x, h, and v,, V,will be calculated

5. Reynolds Number is computed at point 2 using the viscosity from Eq.(9), the friction factor at point 2 from

Eq.(8), and friction factor for increment length from Eq.(10)
6. Finally, substituting values from Eq.(6) and (7) dL is evaluate
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V. RESULTS
Refrigerant Capillary Length Pressure at exit Pressure at
diameter (m) entry
R-22 75 thou 0.62 606.38 Kpa 2127 KPa
80 thou 1 606.38 Kpa 2127 KPa
75 thou 0.65 713.07 KPa 2426.4 KPa
R-407C 80 thou 1.07 713.07 KPa 2426.4 KPa
75 thou 1.47 1001.09 KPa 3362.7 KPa
R-410A 80 thou 2.17 1001.09 KPa 3362.7 KPa
75 thou 0.55 725.05 KPa 2716.5 Kpa
R-134A 80 thou 1.12 725.05 KPa 2716.5 Kpa
VI. CONCLUSIONS

The calculation for capillary sizing is based on the same fixed refrigeration effect and capillary diameter. is observed
that for same 75 thou diameter the capillary length is approximately same for R22 andR407c¢ which is equal to 0.62
m and 0.65 m, whereas, its length is 0.855 m more for R410A than that of R22 .1t is also observed that for same 80
thou diameter the capillary length is approximately same for R22 and R407 which is equal to 1m and 1.07 m,
whereas, its length is 1.17m more for R410A than that ofR22.The mathematical approach is quite helpful in
determining the size of capillary tube for different refrigerants.

n
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