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3. Advantages and disadvantages of capillary tube

Capillary tubes have certain advantages and disadvantages.
Their advantages are summarized below;
1. Predominant enough to give them universal acceptance in factory-sealed systems.
2. They are simple, have no moving parts, and are inexpensive.
3. They also allow the pressures in the system to equalize during the off cycle.
4. The motor driving the compressor can then be one of low starting torque.

The disadvantages of capillary tubes are summarized below;

1. They are not adjustable to changing
2. Load conditions, are susceptible to clogging by foreign matter, and require the mass of
3. 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.
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Analytical computation of pressure drop in a capillary tube
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Figure 13-4 Incremental length of capillary tube.

The equations relating states and conditions at points | and 2 in a very short length of
capillary tube in Fig. 13-4 will be written using the following notation:

A = cross-sectional area of inside of tube, m?2
D =1D of tube, m

f = friction factor, dimensionless

h = enthalpy, kJ /kg

h¢ = enthalpy of saturated liquid, kJ/kg

hg = enthalpy of saturated vapor, kJ/kg

AL = length of increment, m

p = pressure, Pa

Re = Reynolds number = VD/vu

v = specific volume, m3/kg

v, = specific volume of saturated liquid, m3/kg
v, = specific volume of saturated vapor, m3/kg
V = velocity of refrigerant, m/s

w = mass rate of flow, kg/s

x = fraction of vapor in mixture of liquid and vapor
u = viscosity,Pa * s

us = viscosity of saturated liquid, Pa - s

Mg = viscosity of saturated vapor, Pa * s

The fundamental equations applicable to the control volume bounded by points 1
and 2 in Fig. 134 are (1) conservation of mass, (2) conservation of energy, and (3)
conservation of momentum.
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The equation for conservation of mass states that

V.A V
w == _.2:._4
11 "
w V. V
or — _._..1 = 2
A v, v,
and w/A4 will be constant throughout the length of the capillary tube.
The statement of conservation of energy is
v - ¥2
1000k, + 3 = 1000k, + o5 (13-3)
which assumes negligible neat transfer in and out of the tube.

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 needed to accelerate the fluid

Ep ) fAL VZJA v, -V,)
“Dy)-T— —|A=w(V, - 134
1 2 D 2] 2 1 ( )
As the refrigerant flows through the capillary tube, its pressure and saturation temper-
ature progressively drop and the fraction of vapor x continuously increases. At any
point
h= hf(l -x) izgx (13:5)
and v=vf(1 —x)+vgx (13-6)
In Eq. (13-4) V¥, v, and f all change as the refrigerant flows from point 1 to point 2,
but some simplification results from Eq. (13-2), which shows that F/v is constant so
that
ALVE ALVw
—_ —=f— - = (13-7)
D v D 24
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In the calculation to follow in Example 13-1 the V used in Eq. (13-7) will be the mcan
velocity

2 (13-8)

3
()

Since expressing the friction factor f for the two-phase flow is complex, we shall
use an approximation and later compare the calculation with experimental results as
a check on the validity of this approximation as well as of any other approximation

built into the method. _
For Reynolds numbers in the lower range of the turbulent region an applicable

equation for the friction factor fis

p 033 _ 033 (139)
Re% 25 (vD/ur)0 B |

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

,u=uf(] -x) tax (13-10)
The mean friction factor f,,, applicable to the increment of length 1-2 is

- _fy+f, _0.33/ReY25 +0.33/Rel 23
Im =73 2

(13-11)

13-5 Calculating the length of an increment The essence of the analytical calculation
method is to determine the length of the increment 1-2 in Fig. 13-4 for a given re-
duction in saturation temperature of the refrigerant. The flow rate and all the condi-
tions at point 1 are known, and for an arbitrarily selected temperature at point 2 the
remaining conditions at point 2 and the AL will be computed in the following specific

steps: .
1. Select #5.
2. Compute py, Ay, hgy, Vr), and vg,, all of which are functions of 7,.
3. Combine the continuity cquation {(13-2) and the cneigy equation (i3:3)
el (W)z— | (13-12
2 2 \4 1773 12)

Substitute Eqgs. (13-5) and (13-6) into Eq. (13-12)

[y + (0,5 - v,)x) 2 w)? y2
B} g2 "' gl I 1
1000h, + 1000(k, , - 1 )x + 2 ) = 1000+

(13-13)

Everything in Eq. (13-13) is known except x, which can be solved by the quad-
ratic equation
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VBT e (13-14
X o
> )
2
w 1
where a= (vg2 - ﬂ)z (Z) =

W 2
b= 100001y, = hey) + v, - fz)(;)

_ 1. #
¢ = 1000(%, -h)+<A) el

4. With the value of x known, &5, v5, and ¥, can be cemputed.

Compute the Reynolds number at point 2 using the viscosity from Eq. (13-10),
the friction factor at point 2 from Eq. (13-9), and the mean friction factor for the
increment from Eq. (13-11).

6. Finally, substitute Eqs. (13-7) and (13-8) inte Eq. (13-4) to selve fgr AL

W
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Problem. 1: What length of capillary tube (ID = 1.63 mm) will drop the pressure of
saturated liquid refrigerant 22 at 40°C to the saturation temperature of the evaporator of
5°C? The flow rate is 0.010 kg/s.

Use the following formula;

p 2418.4
In —-—) = 1S06 = s (13-15)
1000 t+273.15
ve _0.777 +0.002062¢ + 0.00001608¢>
v, = = (13-16)
7 1000 1000
-4.26 + 94050(z + 273.15
v = ( A4 (13-17)
g 1000
hy=2000 + 1.172¢ + 0.00185472 (13-18)
, =405.5 + 036361 - 0.002273¢2 (13-19)
up=0.0002367 - 1.715 X 107%7 +8.869 X 10722 (13-20)

Hy = 11.945 X 1076 +50.06 X 1072¢+0.2560 X 107272 (13-21)

Conditions at entrance to capillary tube, point I The entering refrigerant is
saturated liquid at 40°C, and with x = O the properties from Egs. (13-15) to

(13-21) are
pi = 1,536,000 Pa v, =v, =0.000885 m3/kg
hy=he =249.9 kllkg u= sy =0.0001823 Pa*s

w 0.010 :
—_= — ——=47922kg/s*m
A 7(0.001632)/4

V

d 4.242m/
=—v, =4.242mfs
I 4 1

0.33
Re; =42,850  f; = —nys = 0.0229
Re )"
Conditions at point 2 Arbitrarily select £, = 39°C. Then
D2 = 1,498,800 Pa hf2 =248.5 kJ/kg hg2 =416.2 kl/kg

vp, =0.000882 m3 /kg V2 =0.01533 m3/kg
By = 0.0001833Pa - s Mgy = 0.00001429 Pa - s
From Eq. (13-14)
x =0.008
From Eqgs. (13-5) and (13-6) and using an equation of the same form for viscosity,
we get
Al-Mustagbal University College http://www.uomus.edu.ig/

63



Class: Fourth Stage
Subject: Refrigeration Systems
Ammar Abdulkadhim
E-mail: AmmarAbdulkadhim@uomus.edu.iq

h, =249.84kI/kg v, =0.0009952 m3 kg
#, =0.0001820 Pa ° s

The following terms can now be calculated:

w -
Vy=—v,= 4769 m/s Re,=42923
A

= i =0.0229
f 42923023

_0.0229 +0.0229

m

=0.0229

424244769

=4.506
m

From Eq. (13-4) the magnitude of the expression
ALY,V
mp 20
is found to be 34,964, and when the known values are substituted,

AL, ,=0.2306 m

Table 13-1 Capillary-tube calculations in Example 13-1

Incre- Cumu-

Temper- Pres- Specific En- ment lative

Posi- ature, sure, volume, thalpy, Velocity, length, length,
tion °C kPa x m3/kg kJ kg m/s m m

1 40 1536.4 0.000 0.000885 249.85 4.242

2 39 1498.8 0.008 0.000995 249.84 4.769 0.2306 0.231

3 38 1461.9 0.016 0.001110 249.84 5.320 0.2013 0432

4 37 14258 0.023 0.001230 249.84 5.895 0.1770 0.609

5 36 1390.3 0.031 0.001355 249 83 6.496 0.1565 0.765

32 657.65 0.194 0.007660 249.18 36.71 0.0097 2.089

9 y . . d

8 63790 0.199 0.008048  249.11 38.57 0.0085 2.098
34 7 618.61 0.204 0.008452  249.03 40.51 0.0075 2.105

6 599.78 0.209 0.008873  248.95 42.52 0.0066 2.112

5 581.38 0.213 0.009309  248.86 44 .61 0.0049 2.118

Details solution for the first two points had been inserted below;
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