International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

@ | e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
IJIRSET

[| Volume 9, Issue 8, August 2020 ||

Flow Characteristics of Capillary Tube for
R22 and R1270 Refrigerants

Bhavana Gulbhile', Prof. Siddharaj Allurkar %, Prof. Akash Bhise *
P.G. Student, M. E., Dept. of Mechanical Engineering, Dhole Patil College of Engg. Pune, Maharashtra, India '
Asst. Professor, M. E., Dept. of Mechanical Engineering, Dhole Patil College of Engg., Pune, Maharashtra, India®?

ABSTRACT: The capillary tube is a common expansion device used in small sized refrigeration and air-conditioning
systems and whose function is to reduce the high pressure in the condenser to low pressure in the evaporator and
therefore drops the temperature of the refrigerant.

The main focus lies on the analysis of the refrigerant flow behavior in the capillary tube, including pressure drop,
temperature and quality distribution along the tube by using a commercial code FLUENT V.6 for the simulation. The
numerical results are compared with experimental results from internet web site and show a good agreement. It shows
the capability of the code to simulate the flow and phase change in the capillary tube.

KEYWORDS: commercial code FLUENT V.6 simulate the flow and phase changelntroduction
L. INTRODUCTION

The capillary tube is a constant area expansion device used in a vapor-compression refrigeration system located
between the condenser and the evaporator and whose function is to reduce the high pressure in the condenser to low
pressure in the evaporator. The capillary tube expansion devices are widely used in refrigeration equipment, especially
in small units such as household refrigerators, freezers and small air conditioners. Its simplicity is the most important
reason to continue using it instead of other expansion devices. It is a long copper tube (1-6 m) with a very small inner
diameter. The flow inside the capillary tube of a refrigeration system can be divided into a sub-cooled liquid region
from the entrance to the point in which the fluid reaches saturated conditions, and a two- phase flow region after that
point until the end of the capillary tube. Many numerical and experimental investigations have been developed in order
to study the refrigerant flow in capillary tubes. Normally, the numerical studies concerning capillary tubes found in the
literature are targeted to the calculation of the mass flow rate through the tube for given geometry and operative
conditions Bittleet. al. [1,2], Wongwises[3,4]. Experimental studies were investigated on the performance of
refrigerants in-several capillary tubes length and geometry for air-conditioners Ro S. T. et. al. [5].

Another experimental study was taken under account the influence of geometrical parameters on capillary behavior i.e.
the influence of length, inner diameter and type of refrigerants. The experimental device has been fully instrumented
with pressure, temperature, and power sensors. The vapor-compression system was composed mainly of a compressor
equipped with an accumulator, condenser, evaporator, and adjustable expansion device. Both condenser and evaporator
were equipped with pre and post heat exchangers to control the flow conditions at the capillary tube test section. A
straight capillary tube was installed together with various measuring stations equipped with sensors for temperature and
pressure. Those sensors were necessary for measurement of the temperature and the pressure profiles along the
capillary tube length, S. M. Sami et. al. [6]

II. PROBLEMS DEFINITION

The capillary tube is main element of the refrigeration system and the major (99%) refrigerating effect of the system is
depends on capillary tube and it can be improve by modifying some of the geometric paremater of the capillary tube
hance further gives us different temperature, pressure, and mass flow rate while refrigrentfolw through the capillary
tube.

III. MATHEMATICAL MODEL
A mathematical model has been developed to predict the flow of refrigerant inside a helical capillary tube. Length of
helical adiabatic capillary tube can be calculated by giving the mass flow rate of particular refrigerant or vice- versa. A

computer program coded in FORTRAN 77 has been developed to compute either length or mass flow rate by fixing
some of parameter. The model also includes the effect of various design parameters, like capillary tube diameter,
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capillary tube coil diameter, degree of sub-cooling, evaporator pressure, inlet pressure, mass flow rate. The model is
based on the fundamental equations of conservation of mass, energy and momentum.

3.1 Formulation of Mathematical Model

The flow of refrigerant can be divided into two distinct regions. The single phase sub cooled region and two phase
region. The mathematical model is developed by using the law of conservations of mass, energy and momentum.
Moreover, the model includes the effect of the condenser and evaporator temperatures, inner diameter, and degree of
sub cooling and mass flow rate of refrigerant.

< Capillary Tube —
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Figure 2: Simplified diagram of the adiabatic capillary tube

As shown in fig 3.1, the entry diagram of refrigerant commence at point 1 from the condenser. In the capillary tube
there is some pressure drop due to entry of the refrigerant from the condenser to the capillary tube. The portion between
points 2 and 3 is the single-phase sub cooled liquid region and the portion between points 3 and 4 is the two-phase
region where liquid and vapour coexist. From 2 to 3 refrigerant remains in single liquid phase and vapors starts to form
as it enters in two phase region. In single region pressure drop is linear and due to friction that experience by the fluid
while passing through the tube. And in the two-phase region of the capillary tube, the temperature and pressure of
refrigerant starts falling rapidly till the evaporator pressure or the choking point is attained.

The expansion process from point 1 to 5 is shown in figure.3 on temperature-entropy (T-S) and pressure-enthalpy
(P-H) diagrams simultaneously.

P
5 VP f

Figure 3: T-S and P-H diagram of capillary tube

Thus refrigerant flow has been divided into three distinct regions as follows:
1 — 2 represents pressure drop at entrance due to sudden contraction of area.
2 — 3 represents single-phase sub cooled flow region. 3 — 4 represents liquid-vapour two-phase flow region.
3 — 4 represents liquid-vapour two-phase flow region.
The flow through capillary tube is based on the following assumptions
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The horizontal helical coiled tube has constant diameter

Oil free refrigerant

The inner diameter and surface roughness of the capillary tube are constant
Adiabatic and homogeneous two-phase flow

Non-metastable liquid region

One dimensional steady flow

e  Thermodynamic equilibrium through the capillary tube

Consider an infinitesimal fluid element of length ‘dL’ within the capillary tube, shown in Fig.3.3 and applying the

equations of conservation of mass, momentum and energy.

P+dp

Figure 4: Free body diagram of fluid element of adiabatic helical capillary tube
Mass Balance
Continuity equation results into the following equation. [32]
m = pVA OR G = m /A
3.1
Momentum Balance
On applying the principle of momentum conservation and second law gives

P.A—(P+dP)A— 1(wd)dl = mdV 32
on simplification, the Equation (3.2) reduces to the following Equation
0 2d pdP | AV
Taking log of both sides of Equation (3.1) and then differentiating and simplifying
av d
=== 34
Vv P
Equation (3.3) reduces to
2d ,pdP d -
dL = —{P—, — —P:] 3.5
fores 8

Energy Balance

On applying the steady flow energy equation for adiabatic flow with no external work and
neglecting the elevation difference we have

&g — édw = dh + VdV + gdz 36
3.1.1 Single Phase Region

pV

In order to calculate the single phase length, the pressure drop at inlet due to sudden contraction is considered. Liquid is

incompressible (density constant) and capillary tube area
is constant.

By integrating equation (3.5) length of single phase region is given by The Pressure drop at the entrance is given by
z

v

PL - .P: = kPT 37
Where k is the entrance loss coefficient (K = 1.5). The steady flow equation between point 2 and 3 can be expressed as:

Pa v:® Py 1 Lep V*
—+—+2, = + +iZ;+ — 38
Pzg 28 2 pg  2g 3t fop d; 2g
As we know fluid is incompressible so
m=pVA = p, AV, = p AV, ERY
By rearranging equation (3.8) and (3.9) we have

— feplap., oV
P, =P3;+pg(Z; — Z;) +( 4. ){z) 3.10
Friction factor for straight capillary tube [3]
0.33
for = 7oeam 311
Where, Re = =
uw
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For coiled capillary tube by M&N and Giri Method [32] For liquid region (M&N) equation

0.192(%/,) ™8 0.068
fsp = ﬁ X1+ T zst 3.12
[Re(d/py s [Re(%/py Te
For two phase region (Giri) equation
1Liz258
for = [Reu.maB(Dfde-Ea.q] 313
By M&N Method
019204 _)0s 0.068
Jﬂ‘F‘JP = I;..s 1 X411+ 2.5 L 314
[Rg[:dlu"lp:, 15 [R'B':d_."ln] F
For same elevation we have Z2=73, Substituting equation (3.10) into (3.7) which gives:
_ 428 p _ S
L.«?p _fsp [G:-.(Pl PE]] 3.15

3.1.2 Two Phase Flow Region
In this region vapour and liquid fluid flows through helical adiabatic capillary tube. Refrigerant fluid flow is
homogeneous means vapour and liquid move with same velocity. In two phase region capillary tube has been divided
into number of elements. The following equations are based on the control volume consideration in two phase region.

By conservation of mass

g 31

Py Visa

Where vi is the specific volume of fluid at any point.

By neglecting the elevation difference, the conservation of energy for steady state adiabatic condition without
external work can be expressed as follows:

(h3+VVL2+gEE)=(h!-+VTES+gEI-) 3.17

h-l-% = const 3.18

Where h and V are the enthalpy and velocity of fluid at any point, respectively. Due to fact that as the refrigerant
flows through the capillary tube, the pressure gradually drops and the liquid flashes into vapours arising from the
reduced pressure.

h=he(1—x)+h,x 3.19
v=vp(1—x)+ux 320
m = pAV = const
v=l=S=gv 321
pA e

The energy balance between point 3 and 4 can be calculated by putting the equation 3.19,3.20 and 3.21 into equation
3.18 and is given by

hg +V% = -II.f_-t, + (hg4 - hﬂ)x + [ 3.22

Everything in equation 3.22 is known except X, which can be solved by the quadratic equation [3]
= —b+vVbB2—2ac 393
Ia -

zrf:+|:v§4—v‘f4:|.x]s(|3:]

-

Where,

_ (rga—vp)®e”

-

b= [hgd- - hfd-:} + Vps (Vg — Vp2) G

- L

G‘:
c= (hf,e — hg) +va4,‘ -
Again conservation of momentum can be expressed by using the element of fluid shown in figure.4.

(PZL) - (P + dP) ™ — 1, nd;dL = mdV 324
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Where Tw is the wall shear stress and is given by

FrpoV?® -
- = PT 3.25
By putting equation 3.25 in Equation 3.24, we have
— 22t dp — 22 o2 ndL = madv 3.26
After modification
dL = _ di [de Zmdv]
frp LeVvE  paAVE
For constant mass flow rate
_dv _de
v [
By putting equation 3.28 into 3.27, we get
2dj | —pdP oo
dL =—|——F+—
ftp L PV [
In two phase region Reynolds number is given by
Vd
Re_ = 3.30
i Hip¥tp

Where utp is the two phase viscosity which can be calculated by two phase viscosity models, but in present study
cicchitti viscosity model is used.

Hep = Xpig + (1 — x)py 331
Velocity (V) is given by
V=0Gvy = (xvy + (1 —x)vy 332
Two phase length can be calculated by integrating the equation
—1 pPrmax £ Pemax dp
L=2d|—[ "™ —dP — 3.33
tp [53 fpa frp + fpa F'ftp
And capillary length of each section is given by
2dj |—pidP Ap
AL, = 25 [E2P 4 2o 334
[ ff].i'.l. =2 + Pi

Where, piand ftp, are mean density and mean friction factor respectively over the ‘ith’ element in two phase region.

And final length will be sum of single phase and two phase length.
L=1Lsp+ L 335

V. RESULT AND DISCUSSION
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Figure & : Vanaton of Capillary tube Length with Fnchon factor for : L . .
Straight capillary Tube (d=1.6mm, tr=40°, te=5°, w=0.01kg/sec for Figuwre 7 : Pressure Vanation for Staught capallary Tube along the
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Figure 8: Variation of capillary tube length for straight capillary tube with different Mass flow rate.
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VI. CONCLUSION

As the study focused on three geometry of capillary tube such as straight , helical, spiral. It is important to know the
length of the capillary tube required for give operating condition. Present studyconsiders the two refrigerants R22 and
R1270 Numerical simulation will be performed with taking in to account the geometric dimension of all three types of
capillary tube in addition to it parameters likes condenser temperature , evaporator temperature , mass flow rate of
refrigerants are also considering.

By using numerical investigation the variation of capillary tube length for given operating condition and geometric
condition can be obtained and it is compare with the remaing helical and spiral capillary tube.
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Figure 9: Straight capillary tube, Helical capillary tube, sprial capillary tube.
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As the research paper suggers the three different viscosity model,the variation of all theses there model need to
performed. Pressure and temperature variation of refrigerants inside the capillary tube are also performend. Results
which are trying obtain by using numerical simulation will be validated with Fluient analysis which can carried out in
Ansys software with required boundary condition.
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